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LEMANEA (RHODOPHYTA,
FLORIDEOPHYCEAE) IN INDIANA

John L. Blum

Department of Biological Sciences

University of Wisconsin-Milwaukee

Milwaukee, Wisconsin 53201

ABSTRACT: A species apparently endemic to Indiana, Lemanea (Subg. Paralemanea) deamii,

is described from sites in Harrison and Crawford Counties. Systematic problems resulting from

the fact that many species descriptions in this genus are based on collections made on a single

day are discussed. The desirability of making repeated collections from the respective collection

sites is stressed.

INTRODUCTION

Lemanea, one of the freshwater red algae, is a widespread, sometimes abundant, and

biologically important inhabitant of streams in southern Indiana, where it appears to be

better represented than in any other State. The naming of the Indiana species of Lemanea

has been a problem ever since the extensive work of C. Mervin Palmer (1933, 1940, 1941 ).

who wrote his doctoral thesis on Lemanea in Indiana and devoted much of his life to build-

ing an extensive collection of these plants. He avoided applying specific names to the

Indiana material, and the relation of the Indiana forms to other species known from North

America has remained an open question.

Vis and Sheath (1992) have grouped North American representatives of Subgenus

Paralemanea under three species. The present paper adds a species to the North American

flora, but this should not be construed as enlarging the flora as this flora is conceived by

Vis and Sheath.

The work described here has extended over a period of seven years and has involved

repeated visits to and collections from the sites where this plant is known to grow. Most

of these sites were studied by Palmer in the 1930's. Hopefully, a better understanding of

the variability of this plant will be obtained by such repeated visits at different seasons.

The genus is subdivided into Subgenus Lemanea, which is scarcely if at all repre-

sented in Indiana, and Subgenus Paralemanea. The members of the latter subgenus at

least in North America are generally larger plants, and the conspicuous generation, the

gametophyte, is more complex than the gametophyte of Subgenus Lemanea. The game-

tophyte, which grows attached by rhizoids to rocky substrata, alternates in the life-his-

tory with a small, similarly attached, filamentous plant, the "chantransia." The "chantransia"

gives rise to the much larger gametophyte axes in late winter and spring. The gameto-

phyte has a stipelike base which enlarges distally into a cylindric or compressed-cylin-

dric axis which is nodose in a more or less regular way; i.e., swollen "nodes" alternate

with more slender areas, "internodes," sometimes with as many as 100 or more of each.

The male sexual apparatus is formed in the nodal areas; the female and the consequent

spores (in the Subgenus Paralemanea) are internodal. This body plan is essentially the

same for all species in the Subgenus Paralemanea, but it can be modified in a number of

ways. For example, strikingly large nodes or strikingly long internodes may occur reg-

ularly in the same collection. The same body plan may recur from year to year at a sin-

gle collection site. Some of these variations are probably genetically determined, and



Botany: Blum Vol. 102(1993)

n
n

Figure 1. Schematic representation of increasing (L to R) degrees of nodosity of the

sexual axis of Lemanea (Subg. Paralemanea) species and increasing (top to bottom)

internodal length.

some method of recording them is needed. A means of recording this variation is shown

in Figure 1 ; it illustrates diagrammatically the range in nodosity and in internode length

found in North American and in European Lemanea collections. Most summer (i.e., ma-

ture) collections exhibit variability such that of 100 axes, several will be found to corre-

spond with two to three usually adjacent diagrams in Figure 1. A specimen recorded as

consisting of 2e, 2f, and 3f axes would therefore have moderate nodosity and internodes

varying from about 3'/2X longer than their diameter to about 6x longer.

MATERIALS AND METHODS

Plants, including the "chantransia" stage, were studied primarily from specimens in

the collections of the Philadelphia Academy of Natural Sciences (PH) and Butler Uni-

versity (BUT). Additional specimens were examined from the herbaria of Cornell Uni-

versity (CU), the Field Museum, Chicago (F), the Farlow Herbarium of Harvard University

(FH), the University of Michigan (MICH), the University of Minnesota (MIN), the Uni-

versity of California, Berkeley (UC), and the United States National Herbarium (US);
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Figure 2. Length vs. width of the mature spores of three collections of Lemanea deamii

and 31 collections of other specimens of Lemanea from Indiana streams (left). Length

vs. width of the mature spores of three collections of Lemanea deamii and 54 collections

of Lemanea (Subgenus Paralemanea) from western European streams (right).

specimens were also examined from the British Museum (BM), Jardin National de Bel-

gique, Meise (BR), Laboratoire d' Algologie fondamentale et appliquee, Caen (CN), Uni-

versity of Florence, Italy (FI), Conservatoire et Jardin Botanique de la Ville de Geneve,

Switzerland (G), Rijksherbarium, Netherlands (L), Ecole Nationale Superieure Agronomique,

Botanique, Montpellier, France (MPA), and the Museum National d'Histoire Naturelle,

Laboratoire de Cryptogamie, Paris (PC). These specimens were hydrated, stained in di-

lute rose bengal solution, and ultimately mounted in dilute sugar (Karo) solution. Fresh

plants were gathered in situ at many American sites identified on specimen labels in the

above collections and were similarly treated. Mature spores, defined as carpospores with

a clearly visible wall and separated from all other spores, were removed by sectioning or

crushing fertile portions of the sexual axis. From each collection, 15 randomly chosen

spores were measured for length and width, and the mean diameter and length determined.

RESULTS

A Lemanea with distinctive, very large spores, which occurs in southern Indiana, is

here given the name Lemanea deamii after C.C. Deam, one of the original collectors of

this entity. The species has apparently escaped notice due to the general lack of attention

which freshwater phycologists have shown to Lemanea spores. Yet, this diagnosis is not

difficult to make. Nearly- to full-sized spores are likely to be present in the maturing axis

from late June on and need only to be squeezed out and examined microscopically. Due
to their uniquely large size, the identification can even be made with a hand lens. Figure

2 shows mature spore length plotted against mature spore width for a sampling of speci-

mens of Lemanea from Indiana; the same parameters are shown for L. deamii and for

specimens of Lemanea from Europe, whose spores were studied. The European data are

obviously an extremely small sample to be taken as representing the rest of the world, but
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Figure 3. Cystocarp portions of Lemanea deamii (right) and of another Indiana Lemanea

from McCormick's Creek State Park (left) to show the striking difference in spore size

(xlOO).

available European and North American collections are numerous, while those from other

continents are not. In addition, most dried collections, wherever they were made, do not

have mature spores. Thus, grounds exist for supposing that L. deamii is an Indiana en-

demic and that it has larger spores than any other known Lemanea. Figure 3 illustrates a

portion of the spore mass or cystocarp of L. deamii in comparison with that of another

species (collected in McCormick's Creek State Park by Fay K. and W.A. Daily #1783

(BUT)) which is typical (for spore size) of other Lemanea collections from Indiana.

Lemanea deamii has a robust "chantransia" stage (Figure 4) not obviously different from

other Indiana material. Filament diameter (at the crosswalls) measures 17-20 |um near

the base to 17-30 jam in the upper part. The sexual axis, described in terms of Figure 1,

is recorded in midsummer as ld-le.

This alga has been collected at least five times. The Deam collection (#63578) was

made in the Indian River near Corydon in Harrison County on 25 August 1945 (BUT).

Other collections were made in Whiskey Run near Marengo in Crawford County by CM.
Palmer in 1930 and 1931 (BUT, CU) and by the author in 1989 and 1991. Although the

Corydon site was searched on several different occasions, no specimens ofLemanea deamii

were recovered where Deam had collected it.

Lemanea deamii (Subg. Paralemanea) Blum, sp. nov. (Figures 3 and 4)

Type: U.S.A., Indiana. Crawford Co.: Whiskey Run, near Marengo, Sec. 6, T2S, R2E,

18 August 1989. J.L. Blum #4971 (Holotype: F).

"Chantransia" usque ad 2.7 mm longa; 17-24 urn diametro ad septa, aliquando an-

gustata ad basem sed inconstanter et atypice; filamenta aliquando ramosa e base aut su-

per basem, aliter paulum ramosa. Axis sexualis 0.8- 1 .6 mm diametro ad nodos, usque ad

13 cm longus, internodis ca. 45 (-58), aliquando in stipitem basalem abrupte angustatus.

Carposporae subsphericae, maxime, 66—68 |Lun diametro maturitate.
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Figure 4. "Chantransia" stage of Lemanea deamii (xlOO). Juvenile gametophyte axes are

shown at a (broken) and b (intact).

"Chantransia" to 2.7 mm in length, 17-24 u\m in diameter at the crosswalk,

sometimes narrowed toward the base, but not typically so; sometimes branching from

the base or just above the base, not much branched above; sexual axis 0.8-1.6 mm in

diameter at the nodes, to 13 cm overall length, with ca. 45 (-58) internodes, sometimes

abruptly narrowed to a basal stipe; carpospores subspheric, very large, 66-68 jim in

diameter at maturity.

DISCUSSION

The various manuals for the identification of fresh water algae (e.g., Pascher and Schiller.

1925; Starmach, 1977; Compere 1991) have to date utilized structural characteristics of

both the sexual plant (Figure 1) and the "chantransia." Although distinguishing charac-

teristics may appear convincing in print and especially in illustrations, the European forms

on which most species of subgenus Paralemanea are based are in fact difficult to sepa-

rate, and the author suspects that many or most applications of species names are made

with either an overt or an intended question mark.

If the several European species names are subject to misinterpretation and misappli-

cation, it is not surprising that the 3 or 4 American species names in this group are some-

times loosely applied. Part of this problem is due to the fact that each collection in the
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Figure 5. Diagrams to represent successive stages in the growth and development of Para-

lemanea species. A represents the "chantransia" stage (xlO). B-E represent successive

stages in the growth and development of the sexual axis (xlOO).

large herbaria was made on a single date, and few follow-ups can be found, so possible

variations due to the stage in life at which the plant was collected cannot be properly as-

sessed. Figure 5 represents some changes which can be expected in the course of the

growing season in an Indiana colony. One can postulate at least five stages in the life his-

tory which are potential points of taxonomic distinction (Figure 5): the "chantransia" (A),

which is to be sought in winter and early spring: the young sexual axis (B); the older sex-

ual axis (C) with developing and discrete cystocarps (gonimoblasts); the still older axis

(D) with cystocarps more or less fused into a single mass of maturing spores; and the

senescent plant (E), externally eroding and distributing its mature spores. In herbarium

collections, stages C and D appear to be preponderant.

Ngan and Price (1979) measured spores of several tropical marine Rhodophyceae

and concluded that spore diameters (in Florideophyceae) were not taxonomically signif-

icant at the species level. The species of the various genera they studied exhibited con-

siderable overlap in spore dimensions, however, and their conclusion does not seem warranted

for a freshwater taxon so clearly set apart by spore dimensions from species potentially

related to it.
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THE VASCULAR PLANTS OF FALL CREEK GORGE
NATURE PRESERVE, WARREN COUNTY, INDIANA

Gayle S. Tonkovich and Malcolm L. Sargent 1

Department of Plant Biology

University of Illinois

Urbana, Illinois 61801

ABSTRACT: Fall Creek Gorge Nature Preserve, Warren County, Indiana, sustains a wide variety

of plant taxa within its diverse habitats. During the floristic survey reported here, 351 species of

vascular plants were collected and identified. Of these species, 167 are reported for the first time

from the Fall Creek Gorge area, 122 are reported for the first time from Warren County, and 4 are

considered as rare or endangered in Indiana. No taxa new to the State were discovered.

INTRODUCTION

Fall Creek Gorge Nature Preserve (40° x 20° N, 87° x 19° W) is located in Liberty

Township (Sees. 21 and 22, T22N, R8W, Williamsport Quadrangle), Warren County, In-

diana, and lies approximately 5 miles north/northwest of the county seat, Williamsport.

Owned by the Indiana Chapter of The Nature Conservancy (TNC) since 1973, the Pre-

serve was expanded from its original 37 acres to its present size (149 acres) by purchases

made in 1989 (Chris Maron, Director of Science & Stewardship, Indiana Chapter, TNC,

pers. comm.). This expansion increased the diversity of habitats, and thus presumably

the flora, within the Preserve's boundaries.

Two surveys of the Fall Creek Gorge vascular flora (grasses and sedges not included)

were done prior to expansion of the Preserve in 1989 (Grossnickle, 1977; Kvaalen, 1983).

Neither study yielded a published species catalogue, but an abstract was published by

Grossnickle and Jackson (1977). The survey done by Dennis Grossnickle, then a student

at Indiana State University working with Dr. Marion Jackson, included selective collect-

ing of specimens which are now located in the Indiana State University herbarium. Ruth

Kvaalen (1983), then associated with Purdue University, made a visual survey of the flora,

but no specimens were collected. Both Dr. Jackson and Ruth Kvaalen have graciously

provided us with copies of their respective unpublished surveys which are now also avail-

able from the Indiana Chapter of TNC, the Division of Nature Preserves (Indiana

Department of Natural Resources), the Friesner Herbarium of Butler University, and the

second author of this study. A list of species found in their surveys, but not seen in ours,

is found in Appendix I.

The purpose of this investigation was to produce a catalogue of the vascular flora of

the Preserve in order to provide: 1) information useful for the ongoing management prac-

tices ofTNC at the Preserve; and 2) a data base against which to monitor continuing floris-

tic changes which might result from succession on the abandoned farm fields, a lack of

fire, increasing pollution, and the invasion of alien species.

PHYSICAL SETTING

Fall Creek Gorge Nature Preserve lies in the Entrenched Valley Section of the Cen-

tral Till Plain Natural Region in west-central Indiana (Homoya, et a/., 1 985). The bedrock

1 Author to whom reprint requests should be addressed.
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Co. Rd. 200N

Co. Rd. 050E

stream road

Figure 1 . Map of Fall Creek Gorge Nature Preserve based on the topographic map of

Williamsport Quadrangle. Original at a scale of 1 :24000. Total land area of the Preserve,

shown shaded, is 149 acres. Streams included within the Preserve are Fall Creek, the side

creek, and Big Pine Creek.

of the area within and surrounding the Preserve has been dated to the Pottsville Epoch in

the Lower Pennsylvanian. The rocks are from the Mansfield Formation, which includes

mostly sandstone, shale, and some lenticular coal beds with associated underclay (Wayne,

et aL, 1966). The coal beds are mostly Minshall Coal which has, in the past, been mined

from areas adjacent to but not within the Preserve (Hutchison, 1961). The upland areas

of the Preserve not exposed to alluvial erosion by the various creeks are mainly uncon-

solidated Quaternary age till deposits from the Wisconsin Glaciation (Wayne, et aL, 1966).

There are several large granitic boulders scattered throughout the upland areas which we
believe are evidence of these glacial till deposits.

Major landmarks of the Preserve are related to the streams which flow within its bound-

aries: Big Pine Creek, Fall Creek, and its tributary, the "side creek" (Figure 1). The most

notable physical features of the Preserve are found along Fall Creek. About 0.2 miles up-

stream from its junction with Big Pine Creek, Fall Creek flows through a canyon-like

gorge where the sandstone streambed has been carved into potholes by stream erosion.

The Preserve is thus known locally as "the potholes." Some of the potholes reach a di-

ameter of 6. 1 meters (Lindsey, et aL, 1969) and depths of 2.4-3.7 meters (C. Maron, pers.

comm.). Smaller diameter ( 1 - 1 .2 m) and shallower ( 15-30 cm) potholes also occur in the

side creek which joins Fall Creek just east of the main potholes. The other major land-

mark of the Preserve, a scenic waterfall where Fall Creek drops over a broad, 1.5 meter

ledge, is located west of the potholes and gorge, just upstream from a horseshoe bend in

the creek (Lindsey, et aL, 1969).
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Figure 2. Map of Fall Creek Gorge Nature Preserve modeled after Figure 1. The map
displays the general locations of six of the Preserve's eight habitats. The roadside and

streamside habitats are not depicted due to their intricate overlap with the roads and streams.

PLANT COMMUNITIES

Fall Creek Gorge's location within the Entrenched Valley Section of Indiana's Cen-

tral Till Plain Natural Region is important because it is within this region that some plants

from all directions reach their State distribution limits (Deam, 1940; Homoya. et ai, 1985).

Characteristic of the Entrenched Valley Section, the Preserve combines specialized cliff

and ravine communities with flat land formerly covered by beech-maple-oak forests (Ho-

moya, et al., 1985). Due to the agricultural value of the flat land, almost all of the wood-

lands there have been cleared for cultivation. Fortunately, the Preserve contains both relatively

undisturbed, old-growth beech-maple and oak-hickory forests, and some large tracts of

abandoned agricultural land. Because it includes both uncultivated and previously culti-

vated land, the Preserve is a valuable area in which to study the regional flora.

The vegetation found within the Preserve is varied due to the range of habitats. In

an attempt to simplify the presentation of results, descriptive names have been assigned

to each of the eight environments identified and six of these have been coded in Figure

2. These general habitats include roadsides, old fields, dry. savanna-like areas, stream-

sides, shrubby floodplains, wet woodlands, ravines, and mesic, upland woods.
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The "roadsides" (not coded in Fig. 2) generally support weedy species that are com-

monly characterized as invasive. Examples include Daucus carota L., Pastinaca sativa

L., Cichorium intybus L., Leucanthemum vulgare Lam., Medicago lupulina L., M. sativa

L., and Morus alba L.

The "old fields" of the Preserve illustrate three different stages of secondary succes-

sion. These abandoned agricultural fields are numbered according to their successional age

(Figure 2). Cultivation of field #1 ceased over 20 years ago, while fields #2 and #3 were

last farmed about 1987 (C. Maron, pers. comm.). Some characteristic species of the old

fields include Asclepias syriaca L., Ambrosia artemisiifolia L., A. trifida L., Cirsium dis-

color (Muhl.) Spreng., Pycnanthemum pilosum Nutt., Rosa Carolina L., and/?, setigera Michx.

The "dry, savanna-like areas" consist mainly of an oak overstory (usually Quercus

velutina Lam.) and a somewhat drought-resistant undergrowth of herbs such as Poten-

tilla simplex Michx., Verbena stricta Vent., and Lechea villosa Ell. In the NE74 of the

NE'A of Section 21 are two ridges that TNC burned in the fall of 1990 to eliminate in-

vasive species and to keep the area more savanna-like in character (C. Maron, pers. comm.).

The larger, more southern ridge (#1 ) has Rubus in abundance, while the ridge to the north

(#2), being more shaded, has considerable Toxicodendron radicans (L.) Kuntze at its edges.

The discovery of Spiranthes cernua (L.) L.C. Rich, on the larger ridge indicates a posi-

tive effect of the burnings, since it thrives in dry, open areas.

In contrast to the above habitats which have been subjected to considerable distur-

bance, the following five habitats are more interior and thus sheltered from large-scale

human disturbance. The habitats directly adjacent to and including the stream banks are

classified as "streamsides." Typical species include Equisetum hyemale L. var. affine (En-

gelm.) A.A. Eaton, Selaginella apoda (L.) Fern., Lycopus americanus Muhl., L. rubellus

Moench, Mimulus alatus Ait., and M. ringens L. The streamside habitats are not coded

in Figure 2 due to their overlap with the streams.

Two different habitats occur in the flat lowlands near the creeks, the "shrubby flood-

plains" and the "wet woodlands." Both are floodplain areas, but the composition of the

vegetation is quite distinct. The "wet woodlands" support well-spaced, large trees like

Madura pomifera (Raf.) Schneider, Platanus occidentalis L., Juglans nigra L., Acer ne-

gundo L., Aesculus glabra Willd., and Ptelea trifoliata L. The resulting open ground sur-

face supports a lush undergrowth including Viola pratincola Greene, Erigenia bulbosa

(Michx.) Nutt., and Polemonium reptans L. In contrast, the "shrubby floodplains" con-

tain smaller trees, such as Staphylea trifolia L., and bushy herbs like Scuttelaria lateri-

flora L., Laportea canadensis (L.) Wedd., and Phytolacca americana L.

The final two habitats represent the most pristine areas within the Preserve. The "ravine"

classification refers to the slopes and steeply-angled sandstone walls which support, in

general, smaller trees and shrubby vegetation: e.g., Amelanchier arborea (Michx. f.) Fern.,

Ostrya virginiana (P. Mill.) K. Koch, and Viburnum acerifolium L. However, the herba-

ceous undergrowth is quite lush and specific in a few moist and shady areas: e.g., near

the Fall Creek waterfall and above the potholes. Two species found only in these locally

cool microenvironments are Mitchella repens L. and Adiantum pedatum L.

The last classification is "mesic, upland woods." These regions are situated on rich

soil and support a typical midwestern woodland flora. Common species include Acersac-

charum Marsh., Quercus alba L., Q. muhlenbergii Engelm., Q. rubra L., Fagus grandi-

folia Ehrh., Carya glabra (P. Mill) Sweet, C. ovata (P. Mill) K. Koch, Smilacina racemosa

(L.) Desf., Trillium nivale Riddell, T recurvatum Beck, Claytonia virginica L., and

Arisaema tryphyllum (L.) Schott.
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METHODS

The sampling technique for this survey was a full-area census. A collection permit

was provided by the Indiana Chapter of TNC. Specimens were collected on 25 of 27 vis-

its over thirteen months from April, 1991 through May, 1992. No collections were made

during the winter months of November through February. Collections from the survey

were deposited at the Friesner Herbarium of Butler University (BUT), Indianapolis,

Indiana, and duplicates in the herbarium of the University of Illinois (ILL), Urbana,

Illinois. The nomenclature used follows that of Mohlenbrock (1986) except where noted.

The collection numbers are those of the primary author.

RESULTS AND DISCUSSION

In total, 12 ferns and fern allies, 2 gymnosperms, and 337 angiosperms were identi-

fied in the Fall Creek Gorge flora. Of the 351 taxa found, 167 are reported for the first

time from Fall Creek Gorge (designated in the checklist by an asterisk, *), and 122 are

new to Warren County (designated by a double asterisk, **) as compared to the list com-

piled by Crovello, etal. (1983). Those species which are not native to the midwest (Mohlen-

brock, 1986) have "alien" in parentheses after the collection number. In addition to the

collected species which appear in the checklist, a few species observed at the Preserve

were inadvertantly or purposely (due to small population sizes) not collected (Appendix

II). Those species, which were reported in the previous studies at Fall Creek Gorge by

Dennis Grossnickle and Dr. Marion Jackson, or Ruth Kvaalen, but were not found in this

survey, are listed in Appendix I.

The checklist which follows will hopefully be useful as a basis for documenting changes

in the flora of the Fall Creek Gorge area. Trends can be observed by monitoring the dis-

tribution and relative abundance of various species. For example, observations of changes

in the number of alien species in proportion to the native ones could lead The Nature Con-

servancy (TNC) to adjust its management practices for the Preserve if it wishes to keep

the flora more "native" in character. Likewise, the decision to burn, or not burn, the "dry,

savanna-like areas" could be aided by monitoring species composition in those areas. Mon-
itoring the species composition of the three "old fields" would allow estimation of the

relative rates of secondary succession, as well as allow predictions about their return to

a natural state or to an altered state dominated by alien species.

In this study, 55 non-native species were found at the Preserve. It is our conclusion

that the native flora is still dominant since only 16% of the 351 species identified were

aliens and since a high proportion of the alien species are found primarily in highly dis-

turbed areas, e.g., the "roadsides". One notable alien invasive species, Elaeagnus um-

bellata Thunb., was observed adjacent to the burned ridges. To our knowledge, this is

the first report of this problem species in the Preserve, and it may be early enough to pre-

vent its spread if acted upon quickly.

As the search for rare and endangered species continues, this survey may help iden-

tify potential (or current) habitat sites where such species may be found. Currently there

are four species at Fall Creek Gorge which are considered to be rare or endangered. Dien'illa

lonicera P. Mill., Catalpa speciosa (Warder) Engelm., and Selaginella apoda (L.) Fern,

are considered rare, while Asterfurcatus Burgess is listed as endangered and under fed-

eral review in Indiana 's Rare Plants and Animals: A Checklist ofEndangered and Threat-

ened Species (Indiana DNR, 1990).
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Additional studies might relate changes in species composition to environmental fac-

tors such as air quality or fluctuating nitrate concentration in the creeks due to upstream

farming. Monitoring the species at Fall Creek Gorge could help to establish trends within

the plant communities due to such environmental influences. Future surveys of the flora

could also permit analysis of these trends for use in subsequent management decisions.

CHECKLIST OF VASCULAR PLANTS
IN FALL CREEK GORGE NATURE PRESERVE,
ARRANGED ALPHABETICALLY BY FAMILY 1

DIVISION PTERIDOPHYTA (Fern & Fern Allies)

Adiantaceae - Maidenhair Family

Adiantum pedatum L.

Maidenhair fern; locally common in moist ravine southeast of Fall Creek

waterfall; 136.

Aspleniaceae - Spleenwort Family

Asplenium platyneuron (L.) Oakes ex D.C. Eaton

Ebony spleenwort; common in wet areas along Fall Creek; 119.

Cystopteris bulbifera (L.) Bernh.

Bladder fern; locally common along sandstone cliff overhang southeast

of Fall Creek waterfall; 165.

Cystopteris fragilis L.

Fragile fern; common throughout mesic, upland woods; 365 (nomencla-

ture according to Gleason and Cronquist, 1991).

Dryopteris marginalis (L.) Gray

Marginal shield fern or marginal wood fern; common in rocky wooded

areas along creeks; 97.

Polystichum acrostichoides (Michx.) Schott

Christmas fern; common throughout wooded areas; 124.

Woodsia obtusa (Spreng.) Torr.

Common woodsia; occasional on rock surfaces overlooking Big Pine Creek

and under cliff overhang by Fall Creek waterfall; 125, 164.

Equisetaceae - Horsetail Family

*, ** Equisetum hyemale L. var. affine (Engelm.) A.A. Eaton

1 * = New to the Fall Creek Gorge Nature Preserve.

** = New to Warren County.
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Scouring rush; locally common along streamside at Fall Creek and the

side creek junction, and locally abundant farther east along the south bank

of Fall Creek; 200.

*, ** Equisetum pratense Ehrh.

Meadow horsetail; common on rocky bank southeast of Fall Creek

waterfall; 118.

Ophioglossaceae - Adder's-tongue Family

Botrychium virginianum (L.) Sw.

Rattlesnake fern; occasional in mesic, upland woods; 166.

Polypodiaceae - Fern Family

Polypodium virginianum L.

Common polypody; common along rock faces and ledges throughout; 1 17.

Selaginellaceae - Spikemoss Family

*, ** Selaginella apoda (L.) Fern.

Small spikemoss; locally common on muddy sandstone areas along Fall

Creek SE of waterfall; 162.

DIVISION SPERMATOPHYTA

SUBDIVISION GYMNOSPERMAE (Conifers)

Cupressaceae - Cypress Family

** Juniperus virginiana L.

Red cedar; occasional along roadsides and northeast of parking lot; 10.

Pinaceae - Pine Family

Pinus strobus L.

White pine; occasional by parking lot and locally common on bluff at

horseshoe bend of Fall Creek; 1 1

.

SUBDIVISION ANGIOSPERMAE (Flowering Plants)

Acanthaceae - Acanthus Family

* Justicia amehcana (L.) Vahl

Water willow; rare, isolated patch near rocks on north bank of Big Pine

Creek northwest of bridge and sandy area; 236.

*, ** Ruellia humilis Nutt.

Wild petunia; occasional in old field #2; 130.
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Aceraceae - Maple Family

Acer negundo L.

Box elder; occasional in wet woodlands; 251.

Acer saccharum Marsh.

Sugar maple; common throughout; 153.

Agavaceae - Agave Family

** Yucca filamentosa L.

Yucca; occasional, along road by burned ridges and another clump along

main trail from parking lot; 336 (alien; nomenclature according to

Gleason and Cronquist, 1991).

Amaranthaceae - Amaranth Family

* Amaranthus rudis Sauer

Water hemp; occasional along Big Pine Creek streamside southeast of

burned ridges; 316, 317.

* Amaranthus sp.

Amaranth; occasional on sandbar in Big Pine Creek adjacent to where

Fall Creek joins; 287.

Anacardiaceae - Sumac Family

Rhus glabra L.

Smooth sumac; occasional along northern boundary of old field #2; 61.

** Toxicodendron radicans (L.) Kuntze

Poison ivy; common throughout border areas; 231.

Annonaceae - Custard Apple Family

Asimina triloba (L.) Dunal

Pawpaw; occasional in mesic, upland woods; 303.

Apiaceae - Carrot Family

Chaerophyllum procumbens (L.) Crantz

Wild chervil; common in wet woodland area between Fall Creek and Big

Pine Creek east of Twin Bridges; 379.

Cryptotaenia canadensis (L.) DC.

Honewort; common in mesic, upland woods and wet woodland area

southwest of Fall Creek waterfall; 85.
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Daucus carota L.

Wild carrot or Queen-Anne's-lace; abundant along roadsides; 115 (alien).

* Erigenia bulbosa (Michx.) Nutt.

Harbinger-of-spring; common in mesic, upland woods; 353.

* Heracleum lanatum Michx.

Cow parsnip; locally abundant in wet woodland area between Fall Creek

and Big Pine Creek east of Twin Bridges; 38.

Osmorhiza longistylis (Torr.) DC.

Anise-root; scattered occasionally in mesic, upland woods; 33.

Osmorhiza longistylis (Torr.) DC. var. villicaulis Fern.

Sweet cicely; scattered in mesic, upland woods; 34.

** Pastinaca sativa L.

Parsnip; common in old fields and along roadsides; 83 (alien).

Sanicula gregaria Bickn.

Common snakeroot; abundant throughout; 120.

*, ** Taenidia integerrima (L.) Drude

Yellow pimpernel; occasional along shaded roadside of Co. Rd.

200 N; 76.

Apocynaceae - Dogbane Family

*, ** Apocynum cannabinum L.

Indian hemp; locally abundant in old field #2; 135.

Araceae - Arum Family

Arisaema tryphyllum (L.) Schott

Jack-in-the-pulpit; common in rich woods between Big Pine Creek and

the burned ridges; 42.

Araliaceae - Aralia Family

Aralia nudicaulis L.

Wild sarsaparilla; locally occasional along cliff edge over potholes: 368.

Aristolochiaceae - Birthwort Family

Asarum canadense L.

Wild ginger; common in mesic, upland woods and locally abundant in

wet woodlands area between Copeland Hill and Fall Creek: 30.
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Asclepiadaceae - Milkweed Family

** Asclepias incarnata L.

Swamp milkweed; locally occasional along north bank of Big Pine Creek

northwest of bridge; 217

Asclepias syriaca L.

Common milkweed; common in old field #2; 131.

Asclepias verticillata L.

Horsetail milkweed; occasional in old field #1; 324.

Asteraceae - Aster Family

Achillea millefolium L.

Common yarrow or milfoil; common in old fields; 64 (alien).

* Ambrosia artemisiifolia L.

Common ragweed; common along roadsides and in old fields; 241.

Ambrosia trifida L.

Giant ragweed; common along roadsides and in old fields; 240.

Antennaria plantaginifolia (L.) Richards.

Pussytoes; occasional throughout; 296, 377.

** Arctium minus Bernh.

Common burdock; occasional along roadside by Twin Bridges; 250

(alien).

*, ** Artemisia annua L.

Annual wormwood; rare, Big Pine Creek streamside southeast of burned

ridges; 318 (alien).

[nomenclature for Aster follows Jones, 19891

Aster cordifolius L.

Heart-leaved or blue wood aster; occasional in old field #3; 309.

*, ** Aster drummondii Lindley in Hooker

Drummond's aster; occasional at wood edge by parking lot and also a few

plants in old field #3; 304, 307.

Asterfurcatus Burgess in Britton & Brown
Forked aster; locally common on south stream bank at Fall Creek and the

side creek junction; 276.
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Aster lateriflorus (L.) Britton

Starved or calico aster; common along Fall Creek streamsides; 294,

326, 344.

Aster novae-angliae L.

New England aster; occasional in old field #1 ; 325.

Aster pilosus Willd.

Hairy aster; common in old fields and along roadsides; 305, 306, 331.

Aster shortii Lindley in Hooker

Short's aster; occasional in old field #3; 308.

*, ** Aster urophyllus Lindley in DC.

Aster; occasional along main trail between parking lot and Fall

Creek; 279.

Bidens cernua L.

Nodding bur marigold, sticktight; occasional along streamside south of

Fall Creek waterfall; 292.

*, ** Bidens connata Muhl.

Swamp beggar-ticks; common along Big Pine Creek streamside south-

east of burned ridges; 314.

Bidensfrondosa L.

Common beggar-ticks, sticktight; locally common along roadside of Co.

Rd. 050 E just south of parking lot; 223.

*, ** Carduus nutans L.

Musk or nodding thistle; common along roadsides and in old field #1;

82 (alien).

*, ** Cichorium intybus L.

Chicory; common along roadsides; 147 (alien).

* Cirsium altissimum (L.) Spreng.

Tall thistle; occasional along roadsides by parking lot; 242.

* Cirsium discolor (Muhl.) Spreng.

Field thistle; common in old field #1; 220.

*, ** Conyza canadensis (L.) Cronq.

Horseweed; locally common along roadside at intersection of Co. Rds.

050 E and 200 N; 216.
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*

:*

Eclipta prostrata (L.) L.

Yerba de tajo; occasional on sandbar in Big Pine Creek adjacent to where

Fall Creek joins; 284.

Erigeron annuus (L.) Pers.

Daisy fleabane, white top; occasional along roadside of Co. Rd.

200 N; 323.

Erigeron philadelphicus L.

Marsh fleabane; common along streamsides; 44.

Erigeron strigosus Muhl.

Daisy fleabane; abundant on burned ridge #1, common throughout; 89.

Eupatorium perfoliatum L.

Common boneset; occasional along streamsides of Fall Creek; 215.

Eupatorium purpureum L.

Purple, green-stemmed, or sweet joe-pye-weed; occasional along road-

side by Twin Bridges and along Copeland Hill; 180.

Eupatorium rugosum Houtt.

White snakeroot; occasional in mesic, upland woods, and also a few plants

by Fall Creek waterfall; 224, 255.

Eupatorium serotinum Michx.

Late boneset; occasional on N sandy bank of Big Pine Creek northwest

of bridge; 233.

Gnaphalium obtusifolium L.

Sweet everlasting; occasional in field area approximately 1/3 mile north-

west of Fall Creek waterfall; 270.

Helenium autumnale L.

Autumn sneezeweed; occasional along Big Pine Creek streamside south-

east of burned ridges; 319.

Helianthus decapetalus L.

Pale, or thin-leaved sunflower; occasional along streamsides in sandy soil;

188,348.

Helianthus divaricatus L.

Woodland sunflower; occasional throughout wooded areas and on burned

ridge #1; 160,225.

Helianthus giganteus L.

Tall sunflower; rare, Big Pine Creek streamside southeast of burned

ridges; 321.
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* Helianthus strumosus L.

Pale-leaved sunflower; occasional in woods and alongside Co. Rd.

050 E; 239.

* Helianthus tuberosus L.

Jerusalem artichoke; occasional along Fall Creek by bridge; 281.

*, ** Heliopsis helianthoides (L.) Sweet

False sunflower; rare, on wet sandy area southeast of Fall Creek water-

fall; 256.

Krigia biflora (Walt.) Blake

False dandelion, two-flowered cynthia; common in mesic, upland woods; 47.

Lactuca canadensis L.

Wild lettuce; occasional in old field #2; 133.

Lactuca floridana (L.) Gaertner

Woodland lettuce; occasional along roadside of Co. Rd. 050 E just south

of parking lot; 221.

* Leucanthemum vulgare Lam.

Ox-eye daisy; occasional along roadsides; 113 (alien).

* Polymnia canadensis L.

Leafcup; locally common in wet woodland area north of Fall Creek just

west of bridge; 185.

* Prenanthes altissima L.

Tall white lettuce; rare, few plants by Fall Creek waterfall; 290.

* Rudbeckia hirta L.

Black-eyed susan; locally common in savanna-like area north of Fall Creek

waterfall; 137.

* Rudbeckia laciniata L.

Goldenglow; rare, single patch on south bank of Big Pine Creek west of

bridge; 218.

Rudbeckia triloba L.

Brown-eyed susan; common along roadside by Twin Bridges; 177.

Senecio aureus L. var. gracilis (Pursh) Hooker

Golden ragwort; common along streamsides; 25.

*, ** Senecio glabellus Poir.

Butterweed; occasional along Fall Creek streamside east of bridge; 378.
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** Senecio obovatus Muhl.

Round-leaved groundsel; occasional in mesic, upland woods; 19.

Silphium perfoliatum L.

Cup-plant; occasional along Fall Creek west of bridge; 206.

Solidago caesia L.

Woodland or blue-stemmed goldenrod; occasional in wooded areas; 299.

Solidago flexicaulis L.

Broadleaf goldenrod; occasional on burned ridge #2; 335.

Solidago gigantea Ait. var. serotina (Ait.) Cronq.

Late goldenrod; occasional along roadsides and in old fields; 249.

*, ** Solidago juncea Ait.

Early goldenrod; locally abundant on burned ridge #1; 196.

* Solidago nemoralis Ait.

Field goldenrod; occasional on burned ridges and also along Fall Creek

Solidago ulmifolia Muhl.

Elm-leaved goldenrod; common in mesic, upland woods; 243.

** Taraxacum officinale Weber

Common dandelion; common especially along trails and roadsides;

37 (alien).

*, ** Tragopogon pratensis L.

Common goat's-beard; rare, roadside by bridge over Fall Creek; 346.

Verbesina alternifolia (L.) Britton

Yellow ironweed; common in wet woodland area north of Big Pine Creek

and northwest of bridge; 228.

* Vernonia fasciculata Michx.

Common ironweed; rare, in wet woodland area northwest of Fall Creek

waterfall; 266.

* Vernonia gigantea (Walt.) Trel. ex Branner & Coville

Tall ironweed; locally common in old field #2; 193.

Xanthium strumarium L. var. canadense (P. Mill.) Torr. & Gray

Common cocklebur; occasional on north sandy bank of Big Pine Creek

northwest of bridge; 232.
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Balsaminaceae - Jewel-weed Family

** Impatiens capensis Meerb.

Spotted touch-me-not; common along Fall Creek; 199.

* Impatiens pallida Nutt.

Pale touch-me-not; rare, on south bank of "island-sandbar'
,

north of Fall

Creek, west of bridge; 189.

Berberidaceae - Barberry Family

Caulophyllum thalictroides (L.) Michx.

Blue cohosh; rare, found in mesic, upland woods west of Co. Rd. 050 E;

361.

*, ** Jeffersonia diphylla (L.) Pers.

Twinleaf; rare, found locally in mesic, upland woods along ridge west of

Co. Rd. 050 E; 355.

Podophyllum peltatum L.

May apple; abundant in mesic, upland woods; 48.

Betulaceae - Birch Family

Carpinus caroliniana Walt.

Blue beech, musclewood; common throughout wooded areas; 271, 334.

Corylus americana Walt.

American hazelnut; occasional, in ravine between the burned ridges, and

one tree by parking lot; 338.

Ostrya virginiana (P. Mill.) K. Koch

Hop hornbeam; occasional throughout wooded areas; 254.

Bignoniaceae - Bignonia Family

** Catalpa speciosa (Warder) Engelm.

Catalpa; rare, on point of "island-sandbar" north of Fall Creek, west of

bridge; 187.

Boraginaceae - Borage Family

*, ** Hackelia virginiana (L.) I.M. Johnston

Stickseed; occasional, on rocks by bridge over Fall Creek, and on "island-

bar" north of Fall Creek, west of bridge; 183.

* Myosotis verna Nutt.

Scorpion grass, spring forget-me-not; common on burned ridge #1; 373.
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Brassicaceae - Mustard Family

* Arabis hirsuta (L.) Scop. var. adpressipilis (M. Hopkins) Rollins

Rock cress; scattered on rock at Fall Creek and the side creek inter-

section; 27.

Arabis laevigata (Muhl.) Poir.

Smooth rock cress; occasionally scattered in mesic, upland woods; 362.

*, ** Brassica nigra (L.) W.D.J. Koch

Black mustard; common along roadside north of Big Pine Creek; 158 (alien).

*, ** Brassica rapa L.

Field mustard; occasional in old field #2; 75 (alien).

* Capsella bursa-pastoris (L.) Medic.

Shepherd's-purse; occasional along roadsides; 374 (alien).

** Cardamine douglassii (Torr.) Britton

Purple cress; locally common in wet woodland area west of Fall Creek

waterfall; 5.

Cardamine pensylvanica Muhl.

Bitter cress; occasional along the side creek: 357.

Dentaria laciniata Muhl.

Cut-leaved toothwort or pepperoot; common in mesic, upland woods; 2.

* Nasturtium officinale R. Br.

Water cress; occasional along streamsides; 340.

Caesalpiniaceae - Caesalpinia Family

Cercis canadensis L.

Redbud; occasional in mesic, upland woods and roadsides; 22.

** Gleditsia triacanthos L.

Honey locust; common throughout, especially near boundaries between

old fields and rich woods; 59.

Campanulaceae - Bellflower Family

Campanula americana L.

American bellflower; common throughout mesic, upland woods and wet

woodlands; 174.
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** Lobelia inflata L.

Indian tobacco; occasional in old field #2 and also by Fall Creek water-

fall; 194.

Lobelia siphilitica L.

Blue cardinal-flower; common along streamsides; 275, 298 (white form).

* Triodanis perfoliata (L.) Nieuwl.

Venus' looking-glass; occasional in old field #2; 62.

Caprifoliaceae - Honeysuckle Family

** Diervilla lonicera P. Mill.

Bush honeysuckle; rare, found on point of cliff edge over potholes; 369.

Lonicera dioica L.

Red honeysuckle; occasional along ridge top just west of Co. Rd. 050 E
near old house foundation; 364.

Sambucus canadensis L.

Elderberry; occasional under sandstone overhang east of Fall Creek

waterfall; 201.

*, ** Symphoricarpos orbiculatus Moench

Coralberry; locally common at base of hill north of savanna-like area north

of Fall Creek waterfall; 350.

Viburnum acerifolium L.

Maple-leaved arrowwood; common on bluffs of mesic, upland woods; 46.

Viburnum prunifolium L.

Black haw or nannyberry; occasional on point between Co. Rd. 200 N
and Big Pine Creek; 246.

Caryophyllaceae - Pink Family

** Dianthus armeria L.

Deptford pink; common in old field #2; 63 (alien).

*, ** Saponaria officinalis L.

Bouncing bet; common along roadside north of Big Pine Creek; 156 (alien).

** Silene virginica L.

Firepink; occasional along Copeland Hill, and in rich woods between old

field #2 and Fall Creek; 57.
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** Stellaria media (L.) Vill.

Common chickweed; occasional, growing in mats along streamside of

Fall Creek by waterfall; 257 (alien).

*, ** Stellaria pubera Michx.

Great chickweed; locally abundant along Big Pine Creek streamsides near

wet woodland areas; 100 (alien).

Celastraceae - Bittersweet Family

Celastrus scandens L.

Bittersweet; rare, between burned ridges; 337.

Chenopodiaceae - Goosefoot Family

*, ** Chenopodium ambrosioides L.

Mexican tea; occasional along Fall Creek just east of bridge; 345 (alien).

*, ** Chenopodium berlandieri Moq. var. zschackei (J. Murr.) J. Murr.

Pitseed; occasional near parking lot along Co. Rd. 050 E; 252.

* Chenopodium standleyanum Aellen

Goosefoot; occasional along Co. Rd. 050 E; 238.

Cistaceae - Rockrose Family

*, ** Lechea villosa Ell.

Hairy pinweed; locally common on burned ridge #1; 197.

Commelinaceae - Spiderwort Family

*, ** Commelina communis L.

Common dayflower; occasional on west edge of "island-sandbar" north

of Fall Creek, west of bridge; 191 (alien).

* Tradescantia subaspera Ker-Gawl.

Spiderwort; rare, in wet woodland area northwest of Fall Creek water-

fall; 264.

Tradescantia virginiana L.

Spiderwort; locally abundant along southeast edge of old field #2; 67.

Convolvulaceae - Morning-glory Family

*, ** Calystegia sepium (L.) R. Br. ssp. americana (Sims) Brummitt

American bindweed; occasional along roadsides; 92.
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*, ** Ipomoea hederacea (L.) Jacq.

Ivy-leaved morning-glory; common at woods and field boundary

approximately 1/3 mile northwest of Fall Creek waterfall; 268 (alien).

Cornaceae - Dogwood Family

*, ** Cornus drummondii C.A. Mey.

Rough-leaved dogwood; occasional around parking lot; 84.

Cornus florida L.

Flowering dogwood; common in woods between Big Pine Creek and the

burned ridges; 40.

*, ** Cornus stolonifera Michx.

Red osier; occasional in wet woodland area south of Fall Creek and east

of bridge; 339.

Crassulaceae - Stonecrop Family

Sedum ternatum Michx.

Three-leaved stonecrop; locally common on cliff face between potholes

and horseshoe bend of Fall Creek; 176.

*, ** Sedum sp.

Stonecrop; locally common in area south of entrance trail by patch of

Hemerocallis; 354.

Cyperaceae - Sedge Family

* Carex blanda Dewey
Sedge; occasional along streamside where Fall Creek and the side creek

meet; 24.

*, ** Carex frankii Kunth

Sedge; common along roadside by Twin Bridges; 178.

* Carex pensylvanica Lam.

Spring sedge; occasional/scattered in wet, and mesic, upland woods; 8.

* Carex rosea Willd.

Sedge; abundant in mesic, upland woods; 50, 81.

*, ** Cyperus strigosus L.

Galingale; occasional in field area about 1/3 mile northwest of Fall Creek

waterfall; 269.

* Scirpus atrovirens Willd.

Bulrush; locally common along streamside of Fall Creek just east of

waterfall; 173.
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Dipsacaceae - Teasel Family

*, ** Dipsacus sylvestrus Huds.

Common teasel; rare, on rocks by bridge over Fall Creek; 184 (alien).

Elaeagnaceae - Elaeagnus Family

*, ** Elaeagnus umbellata Thunb.

Autumn olive; rare, "ditch" near road at southeast edge of burned ridge

#1; 333 (alien).

Ericaceae - Heath Family

Gaylussacia baccata (Wang.) K. Koch

Black huckleberry; locally abundant on point of horseshoe-shaped ridge

along Fall Creek east of waterfall; 79.

Euphorbiaceae - Spurge Family

* Acalypha rhomboidea Raf.

Three-seeded mercury; locally common along Fall Creek just east of

waterfall; 289, 291.

Euphorbia corollata L.

Flowering spurge; common throughout, locally abundant on flat savanna-

like area north of Fall Creek waterfall; 121

.

Fabaceae - Pea Family

*, ** Amphicarpa bracteata (L.) Fern.

Hog peanut; occasional on shaded, shaley slope north of Fall Creek

waterfall; 260.

* Lespedeza violacea (L.) Pers.

Violet bush clover; occasional on shaded, shaley slope north of Fall Creek

waterfall; 261.

* Lespedeza virginica (L.) Britton

Slender bush clover; occasional along roadside by Co. Rd. 200 N and

Twin Bridges; 248.

* Medicago lupulina L.

Black medic; common along roadsides and parking lot; 87 (alien).

*, ** Medicago sativa L.

Alfalfa; common along roadsides; 1 14 (alien).

Melilotus alba Medic.

White sweet clover; occasional along roadsides; 159 (alien).
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Melilotus officinalis (L.) Pallas

Yellow sweet clover; common along roadsides, old field borders, and on

burned ridge #1; 53 (alien).

Psoralea onobrychis Nutt.

French grass; locally abundant along roadside of Co. Rd. 200 N up

Copeland Hill; 128.

** Robinia pseudoacacia L.

Black locust; common along Fall Creek; 175.

* Trifolium campestre Schreb.

Low hop clover; occasional on burned ridge #1; 90 (alien).

*, ** Trifolium dubium Sibthorp

Little hop clover; occasionally scattered near T pratense and T. repens

on burned ridge #1 ; 56 (alien).

** Trifolium pratense L.

Red clover; common on burned ridge #1 , along roadsides, and in old fields;

54 (alien).

** Trifolium repens L.

White clover; common on burned ridge #1 and in old fields; 55, 65 (alien).

Fagaceae - Beech Family

Fagus grandifolia Ehrh.

Beech; locally common in mesic, upland woods especially on north-

facing slopes along the side creek; 213.

Quercus alba L.

White oak; common throughout; 123.

Quercus imbricaria Michx.

Shingle oak; common throughout drier areas; 1 10.

* Quercus macrocarpa Michx.

Bur oak; occasional in wooded area southeast of ridges; 312.

Quercus muhlenbergii Engelm.

Yellow chestnut oak; common in mesic, upland woods; 342 (nomencla-

ture according to Gleason and Cronquist, 1991).

Quercus rubra L.

Red oak; common throughout; 341.
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Quercus velutina Lam.

Black oak; locally common on burned ridges; 330.

Geraniaceae - Geranium Family

*, ** Geranium carolinianum L.

Wild cranesbill; occasional in old field #2; 68.

Geranium maculatum L.

Wild geranium; common in mesic, upland woods; 36.

Grossulariaceae - Gooseberry Family

Ribes missouriense Nutt.

Missouri gooseberry; occasional in mesic upland woods; 351.

Hippocastanaceae - Horse-chestnut Family

Aesculus glabra Willd.

Ohio buckeye; common in wet woodland areas along Big Pine Creek

especially east of ridges, and also east of Twin Bridges; 98.

Hydrangeaceae - Hydrangea Family

Hydrangea arborescens L.

Wild hydrangea; abundant along rock ledges and wet, rocky stream

banks; 96.

Hydrophyllaceae - Waterleaf Family

*, ** Hydrophyllum virginianum L.

Virginia waterleaf; common in mesic, upland woods; 31.

Hypericaceae - St. John's-wort Family

** Hypericum punctatum Lam.

Spotted St. John's-wort; rare, in old field #3; 151.

Iridaceae - Iris Family

Sisyrinchium angustifolium P. Mill.

Blue-eyed grass; rare, one patch along old trail through mesic, upland

woods southwest of parking lot; 49.
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Juglandaceae - Walnut Family

Carya glabra (P. Mill.) Sweet

Pignut hickory; common throughout; 1 12.

Carya ovata (P. Mill.) K. Koch

Shagbark hickory; common throughout; 245.

** Juglans nigra L.

Black walnut; occasional on point of wet woodland area between Big Pine

Creek and Fall Creek; 101.

Lamiaceae - Mint Family

* Glechoma hederacea L. var. micrantha Mode.

Ground ivy or gill-over-the-ground; common throughout, especially

streamsides, old fields, and roadsides; 23 (alien).

* Hedeoma pulegioides (L.) Pers.

American pennyroyal; occasional on burned ridge #1 at northern tip; 329.

** Lamium purpureumL.

Purple dead nettle; common in mesic, upland woods and wet woodlands;

352 (alien).

* Lycopus americanus Muhl.

Common water horehound; occasional along Big Pine Creek streamside

east of burned ridges; 315.

* Lycopus rubellus Moench
Stalked water horehound; occasional along Fall Creek north of water-

fall; 262.

Monarda fistulosa L.

Wild bergamot; locally common in wet woodland area northwest of Fall

Creek waterfall; 142.

Prunella vulgaris L. var. elongata Benth.

Self-heal; common along roadside of Co. Rd. 200 N. on burned ridge #1.

and also along Fall Creek; 152 (alien).

** Pycnanthemum incanum (L.) Michx.

Gray mountain mint; locally common in mesic, upland woods just south-

west of entrance trail; 168.

* Pycnanthemum pilosum Nutt.

Hairy mountain mint; common in old field #1 and on burned ridge #1 ; 155.

* Scutellaria lateriflora L.

Mad-dog skullcap; occasional in wet woodlands and along streamsides;

203, 272.
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* Stachys tenuifolia Willd.

Smooth hedge nettle; occasional along Big Pine Creek streamside east of

burned ridges; 322.

* Teucrium canadense L. var. virginicum (L.) Eaton

American germander; common in old field #2; 132.

Lauraceae - Laurel Family

Lindera benzoin (L.) Blume

Spicebush; occasional in mesic, upland woods; 273.

Sassafras albidum (Nutt.) Nees

Sassafras; common throughout, especially savanna-like area north of Fall

Creek waterfall; 122.

Lemnaceae - Duckweed Family

* Lemna minor L.

Duckweed; occasional in "stagnant" area at Fall Creek and the side creek

junction; 301.

Liliaceae - Lily Family

** Allium canadense L.

Wild onion; locally abundant in areas around drainage streams in rich woods

north of Fall Creek and east of waterfall; 74.

Erythronium albidum Nutt.

White dog-tooth violet or white trout lily; a few plants scattered among
fallen trees in mesic, upland woods; 20.

Erythronium americanum Ker-Gawl.

Yellow dog-tooth violet or yellow trout lily; common in scattered groups

in mesic upland woods, especially by old trail stairs to the side creek; 14.

*, ** Hypoxis hirsuta (L.) Coville

Yellow star grass; occasional on burned ridge #1; 41.

** Polygonatum biflorum (Walt.) Ell.

Small Solomon's seal; common along cliff overhang on south side of Fall

Creek above the potholes; 77.

*, ** Polygonatum commutatum (Schult.) A. Dietr.

Solomon's seal; scattered along roadside by bridge over Fall Creek; 181.
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*, ** Scilla sibirica Andr.

Squill; occasional, scattered in wet woodland area southwest of Fall

Creek waterfall near "pond"; 6 (alien).

Smilacina racemosa (L.) Desf.

False Solomon's seal; occasional throughout rich woods; 72.

Trillium nivale Riddell

Snow trillium; common in mesic, upland woods; 12.

Trillium recurvatum Beck

Red trillium or wake robin; common in mesic, upland woods; 21.

Uvularia grandiflora Sm.

Yellow bellwort; occasional along trail on moist ravine southeast of Fall

Creek waterfall; 366.

Magnoliaceae - Magnolia Family

* Liriodendron tulipifera L.

Tulip tree; occasional throughout; 108.

Menispermaceae - Moonseed Family

** Menispermum canadense L.

Moonseed; common in mesic, upland woods and wet woodland area north

of Fall Creek and west of bridge; 186.

Moraceae - Mulberry Family

* Humulus lupulus L. var. pubescens E. Small

Hops; occasional along Co. Rd. 200 N, north of Big Pine Creek; 229 (nomen-

clature according to Gleason and Cronquist, 1991).

** Madura pomifera (Raf.) Schneider

Osage orange; occasional in wet woodland area west of bridge over Fall

Creek, and in area north of Fall Creek by bridge; 234 (alien).

*, ** Morus alba L.

White mulberry; common along road by Twin Bridges; 182 (alien).

Oleaceae - Olive Family

Fraxinus americana L.

White ash; common throughout; 69, 109.
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Onagraceae - Evening Primrose Family

Circaea lutetiana (L.) Aschers. & Magnus ssp. canadensis (L.) Aschers. &
Magnus

Enchanter's nightshade; common in wooded area between Big Pine Creek

and burned ridges; 126.

* Oenothera biennis L.

Evening primrose; occasional along Co. Rd. 200 N just north of bridge

over Big Pine Creek; 211.

*, ** Oenothera fruticosa L. ssp. glauca (Michx.) Straley

Four-angled sundrops; occasional along Co. Rd. 200 N opposite burned

ridges; 227.

*, ** Oenothera pilosella Raf.

Prairie sundrops; occasional along Co. Rd. 200 N opposite burned ridges; 226.

Orchidaceae - Orchid Family

* Spiranthes cernua (L.) L.C. Rich.

Nodding ladies' tresses; rare, on burned ridge #1 at northern tip in shade

of oaks; 328.

Oxalidaceae - Wood Sorrel Family

* Oxalis dillenii Jacq.

Yellow wood sorrel; common in wet woodlands; 99.

* Oxalis stricta L.

Yellow wood sorrel; occasional along roadside of Co. Rd. 200 N; 208.

* Oxalis violacea L.

Purple wood sorrel; occasional at east edge of burned ridge #2; 376.

Papaveraceae - Poppy Family

Dicentra canadensis (Goldie) Walp.

Squirrel-corn; rare, found in mesic, upland woods on ridge just west of

Co. Rd. 050 E; 363.

** Dicentra cucullaria (L.) Bernh.

Dutchman's breeches; sparsely scattered along ridge in wet woodland area

west of Fall Creek waterfall; 7.

Sanguinaria canadensis L.

Bloodroot; occasional, interspersed in patches in mesic, upland woods; 3.
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Phytolaccaceae - Pokeweed Family

Phytolacca americana L.

Pokeweed; occasional, in disturbed, bramble area at north edge of old

field #3, and in shrubby flood plain area along the side creek; 154.

Plantaginaceae - Plantain Family

* Plantago aristata Michx.

Bracted plantain; rare, on burned ridge #1; 198.

*, ** Plantago lanceolata L.

Buckhorn or English plantain; common along roadsides of Copeland Hill;

91 (alien).

* Plantago rugelii Dene.

Rugel's plantain; occasional along Fall Creek by waterfall; 163.

* Plantago virginica L.

Dwarf plantain; common in old fields and along roadsides; 43.

Platanaceae - Plane-tree Family

Platanus occidentalis L.

Sycamore; occasional along stream banks and in wet woodlands; 93.

Poaceae - Grass Family

* Bromus inermis Leyss.

Awnless brome grass; common along Co. Rd. 050 E; 102 (alien).

*, ** Chasmanthium latifolium (Michx.) Yates

Sea oats; occasional in savanna-like area north of Fall Creek waterfall; 145.

*, ** Dactylis glomerata L.

Orchard grass; common along Co. Rd. 050 E; 103 (alien).

*, ** Dichanthelium acuminatum (Sw.) Gould & Clark var. fassiculatum (Torr.)

Freckm.

Panic grass; common in old field #2 in clumps; 66.

* Dichanthelium clandestinum (L.) Gould

Broad-leaved panic grass; locally abundant in savanna-like area north of

Fall Creek waterfall; 138.

* Echinochloa crus-galli (L.) Beauv.

Barnyard grass; occasional along Co. Rd. 050 E; 222, 343 (alien).
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* Elymus canadensis L.

Nodding wild rye; occasional on north sandy bank of Big Pine Creek

west of bridge; 235.

* Elymus hystrix L.

Bottlebrush grass; occasional near Twin Bridges and in savanna-like area

north of Fall Creek waterfall; 116, 141.

* Elymus villosus Muhl.

Slender wild rye; common in savanna-like area north of Fall Creek

waterfall; 140.

* Elymus virginicus L.

Virginia wild rye; common along Co. Rd. 050 E; 105.

*, ** Festuca pratensis Huds.

Meadow fescue; locally abundant on wet area where Fall Creek and the

side creek meet; 45 (alien).

*, ** Phalaris arundinacea L.

Reed canary grass; common along Co. Rd. 050 E; 104.

*, ** Phleum pratense L.

Timothy; common along Co. Rd. 050 E; 106, 150 (alien).

Poa pratensis L.

Kentucky bluegrass; abundant near roadside on burned ridge #1;

52 (alien).

*, ** Setaria faberi Herrm.

Giant foxtail; occasional along roadside by Twin Bridges; 179 (alien).

Polemoniaceae - Phlox Family

Phlox divaricata L. ssp. laphami (Wood) Wherry

Common phlox ; common in mesic, upland woods; 15.

* Phlox paniculata L.

Garden phlox; common along Fall Creek east of waterfall; 171.

Polemonium reptans L.

Jacob's-ladder; occasional in mesic, upland woods and wet wood-

lands; 13.

Polygalaceae - Milkwort Family

** Polygala senega L.
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Seneca snakeroot; occasional in savanna-like area north of Fall Creek

waterfall; 146.

Polygonaceae - Buckwheat Family

*, ** Polygonum aviculare L.

Knotweed; common in parking lot; 278 (alien).

*, ** Polygonum cristatum Engelm. & Gray

Crested bindweed; rare, in wet woodland area northwest of Fall Creek

waterfall; 265.

*, * Polygonum hydropiper L.

Smartweed; common on "island-sandbar" north of Fall Creek, west of

bridge; 192 (alien).

*, ** Polygonum lapathifolium L.

Pale smartweed; common on "island-sandbar" north of Fall Creek, west

of bridge; 205.

* Polygonum pensylvanicum L.

Common smartweed; occasional in old field #2, and common on "island-

sandbar" north of Fall Creek, west of bridge; 209, 283.

Polygonum persicaria L.

Lady's thumb; occasional along roadsides; 302 (alien).

*, ** Polygonum punctatum Ell.

Smartweed; locally common on rocky bank of Fall Creek by waterfall; 295.

* Polygonum scandens L.

False buckwheat; common on "island-sandbar" north of Fall Creek, west

of bridge; 280.

Polygonum virginianum L.

Virginia knotweed orjumpseed; occasional along wooded roadsides; 237.

* Rumex acetosella L.

Sour dock; occasional on burned ridge #1; 372 (alien).

*, ** Rumex obtusifolius L.

Bitter dock; occasional along roadsides of Copeland Hill; 253 (alien).

Portulacaceae - Purslane Family

Claytonia virginica L.

Spring beauty; abundant and widespread in mesic. upland woods; 1. 28.
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Primulaceae - Primrose Family

Dodecatheon meadia L.

Shooting-star; common, always associated with Quercus alba, locally abun-

dant north of Fall Creek in woods south of old field #2; 39.

** Lysimachia nummularia L.

Moneywort; common in shaded area at southeast edge of old field #2;

70 (alien).

*, ** Samolus valerandii L.

Brookweed; occasional on sandbar in Big Pine Creek adjacent to where

Fall Creek joins; 285.

Ranunculaceae - Buttercup Family

** Actaea pachypodaEW.

Doll's-eyes; occasional in mesic, upland woods; 167.

Anemone virginiana L.

Tall anemone; locally common at north edge of old field #1 ; 111.

Aquilegia canadensis L.

Columbine; locally common along Fall Creek on rocks; 26.

Hepatica nobilis P. Mill. var. acuta (Pursh) Steyermark

Sharp-lobed liverleaf; occasional in cool, shaded areas of mesic woods; 9.

Isopyrum biternatum (Raf.) Torr. & Gray

False rue anemone; occasional, scattered in mesic, upland woods; 4.

Ranunculus abortivus L.

Small-flowered crowfoot; occasional throughout; 370.

Ranunculus hispidus Michx.

Bristly buttercup; occasionally scattered along old trail to the side creek

in mesic, upland woods; 18.

* Ranunculus recurvatus Poir.

Buttercup; occasional along the side creek by R. septentrionalis; 359.

* Ranunculus septentrionalis Poir.

Swamp buttercup; occasional along bank of the side creek; 358.

Thalictrum dioicum L.

Early meadow rue; occasional in mesic, upland woods; 356.
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Rosaceae - Rose Family

* ,
* * Agrimon ia pa rviflora Ait.

Swamp agrimony; locally abundant along old road through savanna-like

area north of Fall Creek waterfall; 139.

Agrimonia pubescens Wallr.

Soft agrimony; occasional by entrance trail from parking lot; 277.

** Amelanchier arborea (Michx. f.) Fern.

Shadbush; occasional on sandstone slopes along creeks; 247.

*, ** Crataegus crus-galli L.

Cock-spur thorn; occasional at north end of savanna-like area north of

Fall Creek waterfall; 263.

* Crataegus sp.

Hawthorn; occasional in savanna-like area north of Fall Creek waterfall; 349.

* Fragaha sp.

Strawberry; occasional at woods and field boundary approximately 1/3

mile northwest of Fall Creek waterfall; 267.

Geum canadense Jacq.

White avens; occasional in mesic, upland woods; 144.

*, ** Potentilla recta L.

Sulfur cinquefoil; locally common on burned ridge #1; 88 (alien).

Potentilla simplex Michx.

Common cinquefoil; common on burned ridge #1; 51.

Primus serotina Ehrh.

Wild black cherry; occasional on slopes and in mesic, upland woods; 29.

Rosa Carolina L.

Pasture rose; occasional at north edge of old field #2; 60.

** Rosa multiflora Thunb.

Multiflora rose; common in old fields #1 and #2; 58 (alien).

*, ** Rosa setigera Michx.

Prairie rose; common in old field #1; 107.

* Rubus occidentalis L.

Black raspberry; occasional throughout, especially along boundaries

between woods and parking lot, old fields, and roadsides; 86.
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*, ** Rubus roribaccus (Bailey) Rydb.

Velvet-leaved dewberry; common on burned ridge #1; 207.

Rubiaceae - Madder Family

Cephalanthus occidentalis L.

Buttonbush; occasional just east of the potholes on Fall Creek: 300.

Galium aparine L.

Goosegrass; common in mesic, upland woods and abundant in old field

#2; 35.

*, ** Galium asprellum Michx.

Rough bedstraw; abundant throughout; 80.

* Galium pilosum Ait.

Hairy bedstraw; occasional in woods north of burned ridge #1; 371.

Mitchella repens L.

Partridge-berry; one large, isolated population along cliff overhang on

south side of Fall Creek above the potholes, also occasional along cool

ravine south of waterfall; 78.

Rutaceae - Rue Family

* Ptelea trifoliata L.

Wafer ash; occasional along stream banks and in wet woodlands; 94.

** Zanthoxylum americanum R Mill.

Prickly ash; locally common in wet woodland area north of Fall Creek

and west of bridge; 347.

Salicaceae - Willow Family

** Populus deltoides Bartr. ex Marsh.

Common cottonwood; common along Fall Creek southeast of waterfall; 170.

*, ** Salix exigua Nutt.

Sandbar willow; locally common on west edge of "island-sandbar" north

of Fall Creek, west of bridge; 190.

Saxifragaceae - Saxifrage Family

Heuchera americana L. var. hirsuticaulis (Wheelock) Rosend.

Tall alumroot; occasional along cliff-faces and along trail above pot-

holes; 367.
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Mite Ila diphylla L.

Bishop's-cap; occasional in mesic woods along the side creek; 360.

* Penthorum sedoides L.

Ditch stonecrop; common along streamside of Fall Creek southeast of

waterfall; 172.

Scrophulariaceae - Figwort Family

*, ** Agalinis skinnehana (Wood) Britton

Pale false foxglove; locally common in shaded area at eastern edge of

burned ridge #1; 288.

Aureolaha flava (L.) Farw.

Smooth false foxglove; occasional on rocky areas along trail by Fall Creek

and the side creek junction; 274.

* Leucospora multifida (Michx.) Nutt.

Occasional on sandbar in Big Pine Creek adjacent to where Fall Creek

joins; 286.

* Lindernia dubia (L.) Pennell var. anagallidea (Michx.) Cooperrider

Slender false pimpernel; occasional along north stream bank of Big Pine

Creek just east of bridge, 214.

Mimulus alatus Ait.

Winged monkey-flower; common on streamside of Fall Creek east of

waterfall; 202.

* Mimulus ringens L.

Monkey-flower; common along Fall Creek; 161.

Pedicularis canadensis L.

Lousewort; locally abundant in rich woods north of Fall Creek and east

of waterfall; 73.

Scrophularia marilandica L.

Late figwort; occasional along rocky bank of Fall Creek southeast of

waterfall; 204.

* Verbascum blattaria L.

Moth mullein; rare, a few plants in old field #2; 134 (alien).

*, ** Verbascum thapsus L.

Woolly mullein; common in old fields, especially old field #3; 1 49 (alien).

* Veronica arvensis L.

Corn speedwell; occasional on burned ridge #1; 375 (alien).
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Smilacaceae - Smilax Family

*, ** Smilax pulverulenta Michx.

Carrion flower; occasional in mesic, upland woods; 169.

** Smilax hispida Muhl.

Bristly catbrier; occasional throughout drier wooded areas; 212.

Solanaceae - Nightshade Family

* ** Physalis heterophylla Nees

Ground cherry; locally common in old field #2; 195.

*, ** Solarium carolinense L.

Horse-nettle; common in old field #2; 129.

Solarium ptycanthum Dunal

Black nightshade; occasional on "island-sandbar" north of Fall Creek, west

of bridge; 282.

Staphyleaceae - Bladdernut Family

Staphylea trifolia L.

Bladdernut; occasional in wet woodland area south of Big Pine Creek and

northwest of old field #3; 3 1 0.

Tiliaceae - Basswood Family

Tilia americana L.

Basswood; occasional along stream banks and in wet woodlands; 259.

Ulmaceae - Elm Family

Celtis occidentalis L.

Hackberry; occasional in richwoods; 311.

** Ulmus americana L.

American elm; rare, along southern stream bank of Big Pine Creek, south

of burned ridges; 313.

Ulmus rubra Muhl.

Slippery elm; common in mesic, upland woods and wet areas; 32, 95.

Urticaceae - Nettle Family

Laportea canadensis (L.) Wedd.

Wood nettle; locally abundant in wet woodland area northwest of Fall

Creek waterfall; 143.

Pilea pumila (L.) Gray

Clearweed; common along stream bank of Fall Creek by waterfall; 258.
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Urtica dioica L.

Stinging nettle; occasional in wet, wooded areas north and south of Big

Pine Creek; 230, 320.

Verbenaceae - Vervain Family

* Phyla lanceolata (Michx.) Greene

Fog-fruit; occasional on Big Pine Creek stream banks by Twin

Bridges; 210.

* ** Verbena hastata L.

Blue vervain; occasional in old field #1; 219.

* Verbena stricta Vent.

Hoary vervain; locally common on burned ridge #1; 127.

Verbena urticifolia L.

White vervain; common along roadside north of Big Pine Creek; 157.

Violaceae - Violet Family

** Viola pratincola Greene

Common blue violet; common in mesic, upland woods and wet wood-

lands; 16.

** Viola pubescens Ait. var. eriocarpa (Schwein.) Russell

Smooth yellow violet; common in mesic, upland woods, especially

between Fall Creek and the side creek; 17.

Viola striata Ait.

Cream violet; occasional in mesic, upland woods; 71.

Vitaceae - Grape Family

Parthenocissus quinquefolia (L.) Planch.

Virginia creeper; common throughout, especially in wooded areas; 148.

* Vitis riparia Michx.

Riverbank grape; occasional at edge of mesic, upland woods by parking

lot; 244.
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APPENDIX I

Taxa reported from previous surveys at Fall Creek Gorge Nature Preserve, but not

seen in this survey.

A. Taxa reported by Dennis Grossnickle and Dr. Marion Jackson (1977).

Acer nigrum Michx.

Anemonella thalictroides L.

Aster divaricatus L.

Athyrium filix-femina (L.) Roth.

Barbarea vulgaris R. Br.

Barbarea vulgaris R. Br. var. stricta Andrz.

Cacalia atriplicifolia L.

Cardamine bulbosa (Shreb.) B.S.P.

Carya cordiformis (Wangenh.) K. Koch

Carya laciniosa (Michx. f.) Loud.

Cynoglossum officinale L.

Desmodium glutinosum (Muhl.) Wood

Desmodium nudiflora (L.) DC.

Dryopteris noveboracensis (L.) Gray

Galium circaezans Michx.

Galium triflorum Michx.

Gerardia tenuifolia Vahl.

Gerardia virginica (L.) B.S.P.

Hieracium scabrum Michx.

Hydrophyllum appendiculatum Michx.

Imperatorium ostruthium L.

Lepidium campestre (L.) R. Br.

Mentha piperita L.

Monotropa uniflora L.
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Nepeta cataria L.

Panax quinquefolium L.

Phaseolus polystachia (L.) B.S.P.

Phryma leptostachya L.

Plantago major L.

Polygonum hydropiperoides Michx.

Ribes cynosbati L.

Ribes hirtellum Michx.

Salix nigra Marsh.

Sanicula canadensis L.

Silene stellata (L.) Ait. f.

Smilax ecirrhata (Engelm.) S. Wats.

Smilax herbacea L.

Solidago macrophylla Pursh.

Stylophorum diphyllum (Michx.) Nutt.

Thlaspi arvense L.

Trillium grandiflorum (Michx.) Salisb.

Uvularia perfoliata L.

Vernonia noveboracensis (L.) Michx.

Woodsia glabella R. Br.

Zizia aurea (L.) W.D.J. Koch

B. Taxa reported by Ruth Kvaalen in 1983 (nomenclature according to G.N. Jones'

Flora of Illinois (1945)).

Acer saccharum ssp. nigrum

Actaea rubra

Allium trieoccum

Aster simplex

Berberis thunbergii

Blephilia hirsuta

Carya cordiformis

Carya ovalis

Corydalis flavula

Euonymus obovata

Galium triflorum

Geum vernum

Gymnocladus dioicus

Leonurus cardiaca

Lepidium campestre

Maianthemum canadense

Malus sp.

Mentha piperita

Narcissus cultivar

Osmorhiza claytonii

Parthenocissus inserta

Penstemon hirsutus

Populus grandidentata

Rhus aromatica

Ribes cynosbati

Rubus allegheniensis

Sanicula canadensis

Sedum spectabile

Smilacina stellata

Smilax rotundifolia

Solidago altissima

Stylophorum diphyllum

Trillium flexipes

Valeriana pauciflora

Wisteria sinensis

Zizia aurea

APPENDIX II

List of taxa observed at Fall Creek Gorge Nature Preserve lacking collected specimens.

Hemerocallis fulva (L.) L., orange day lily.

Mertensia virginica (L.) Pers. ex Link, bluebells.

Orobanche uniflora L., ghost pipe.

Rumex crispus L., curly dock.
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STATUS AND DISTRIBUTION OF THE
GREAT BLUE HERON IN INDIANA

George C. Iverson

Indiana Division of Fish and Wildlife

3900 Soldiers Home Road

West Lafayette, Indiana 47906

ABSTRACT: A statewide survey of the size and distribution of great blue heron nesting colonies

was conducted in 1 987 by the Indiana Department of Natural Resources. A total of 58 active nest-

ing colonies was surveyed in 40 counties throughout Indiana. Nesting colonies were not evenly

distributed throughout the State in proportion to the land area of the physiographic regions in which

they occurred. Significantly (p < 0.05) more were identified in the Great Lakes Physiographic Re-

gion (N = 23), and fewer occurred in the Lexington Plain (N = 10) and Highland Rim (N = 2) Re-

gions. However, mean colony size did not differ significantly (p > 0.05 ) between the 4 physiographic

regions in which heron colonies occurred. Colonies occurring in riparian habitats (x = 89.4 nests)

were significantly (p < 0.05) larger than mean colony size in upland habitats (x = 55.2). Phys-

iography and the associated relative abundance of wetland foraging habitat between regions may
be the most important limiting factor affecting the distribution and size of great blue heron nest-

ing colonies in Indiana. There was a positive correlation between the number of years a colony

site had been active and the colony size (r = 0.68, p < 0.001 ), suggesting relative instability in oc-

cupancy of the smaller colonies (e.g., < 25 nests). Both the total number of colonies and the mean

colony size have increased from similar statewide surveys between 1983 and 1985 and 1985 and

the present survey results in 1987, suggesting an increasing statewide population. A conservation

strategy is proposed to provide protection and monitoring for the largest (e.g., > 200 nests) colonies

to ensure maintenance of the great blue heron population in Indiana.

INTRODUCTION

The great blue heron {Ardea herodias) is a conspicuous inhabitant of Indiana's wet-

lands. Its habit of nesting colonially makes it vulnerable to habitat alterations; a rela-

tively minor habitat disturbance can impact a large proportion of a population. The great

blue heron is primarily piscivorous and, thus, susceptible to the accumulation of envi-

ronmental contaminants (Faber, et al, 1972; Call, et al, 1976; Ohlendorf, et al, 1978.

1980; LaPorte, 1982). Nesting herons are also vulnerable to human disturbance (Werschkul.

et al , 1 976; Ryder, 1 980) as well as destruction of either nesting or wetland foraging habi-

tat (Bjorklund, 1975; Graber, et al, 1978; Thompson, 1979).

The vulnerability of great blue herons has prompted an interest in understanding re-

gional population trends. Population declines have been documented in Illinois (Graber,

et al, 1978), Alberta (Markham and Brechtel, 1979), Tennessee (Pitts, 1977). and five

Midwestern States along the upper Mississippi River (Thompson, 1979). More recent

studies, however, have documented stable or increasing great blue heron populations in

New York (McCrimmon, 1981), Quebec (DesGranges and LaPorte, 1981), and Tennessee

(Fleming, etal, 1984).

An understanding of the distribution and size of great blue heron colonies was es-

sential to obtain an accurate perspective on the population in Indiana. Baseline data were

also needed to formulate a conservation program in Indiana to ensure the long-term in-

tegrity of this sensitive species.

The Indiana Department of Natural Resources (INDR) Nongame and Endangered

Wildlife Program (NEWP) conducted the first statewide great blue heron survey in 1983

(Iverson, 1984). This survey was repeated in 1985 (Iverson, 1985) to evaluate the status

and population trends over a 2-year period.
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GREAT LAKES PLAIN

TILL PLAIN

LEXINGTON PLAIN

HIGHLAND RIM

LEXINGTON PLAIN

RELATIVE COLONY SIZE:

• 1-25 NESTS

• 26 - 100 NESTS

• OVER 100 NESTS

O ABANDONED SITE

Figure 1. Distribution and relative size of great blue heron nesting colonies in Indiana,

1987. Major physiographic regions are illustrated. Abandoned sites marked are only

those abandoned since 1985.
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The results of the 1987 statewide great blue heron survey are reported in this paper.

These results are compared with the previous surveys to evaluate population trends over

the 4-year period. Distributional patterns and habitat associations of nesting colonies are

analyzed, and conservation strategies are recommended.

MATERIALS AND METHODS

All colonies reported in the 1985 statewide survey were included in the 1987 survey

as were new colonies reported to the NEWP. Initial identification of great blue heron

nesting sites included in the 1983 survey was accomplished by a review of the literature

and the personal records of Russell Mumford (pers. comm.) as well as by inquiries to

State biologists and conservation groups (Iverson, 1984). Information concerning new

colonies was solicited through agency newsletters and newspaper articles.

The same methodology that was used in the previous two surveys was employed in

1 987. A nesting colony was operationally defined as one or more nesting pairs of herons.

Nests over 400 meters apart were considered separate colonies (McCrimmon, 1981).

Colonies were surveyed by qualified volunteers from the second to fourth week of

April depending upon latitude in the State. The survey period was as late as possible in

the spring to allow most herons to initiate nesting attempts for the current season. Great

blue herons generally begin nesting in late March, with incubation well under way by late

April at this latitude (Graber, et al, 1978; Taylor, et al, 1982). However, surveys need

to be conducted before leaf out (McCrimmon, 1981). The foliage begins to severely limit

visibility starting in mid-late April. Fall counts (Taylor, et al., 1982) were conducted af-

ter leaf fall to obtain accurate nest counts when a colony had not been located or surveyed

before leaf out or when new colonies were reported or discovered after the spring census

period.

The total number of nest structures and active nests (e.g., well-formed, in good re-

pair, with excrement, or occupied by adults or young) within the colony was tallied. De-

termination of nest activity is relatively subjective. Therefore, data for total nests are

presented as in previous reports (Iverson, 1984, 1986). This approach may overestimate

the actual nesting population size since not all nets may be active. However, the error is

consistent among observers and between years. Taylor, et al. (1982) reported that nest-

ing material from inactive nests was commonly "stolen" by adults involved in nest build-

ing or repair, suggesting that few inactive nests remain intact to the survey period.

Numbers of nests per individual tree and tree species were also determined. The habi-

tat associated with the colony was categorized as upland or riparian (i,e, in a floodplain

or adjacent to a perennial stream or river). Other birds, such as the great egret {Casmerodius

albus) and black-crowned night-heron {Nyeticorax nycticorax), known to nest in associ-

ation with great blue herons (Butler, 1898; Keller, 1966) were noted. An attempt was

made to identify the owner of the colony nesting site in order to determine the approxi-

mate number of years the colony had been active.

For statistical analysis of distributional patterns, each colony nesting site was assigned

to one of the four broad physiographic regions (Homoya, et al.. 1985; Robbins. et al..

1986) of the State. Data were analyzed using Chi-square analysis, the Wilcoxon rank-

sum test, the Sign test, and one-way analysis of variance (ANOVA). Significance levels

were set at 5%, unless otherwise indicated.
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Table 1 . Name, legal description, and total number of nests in great blue heron colonies

censused in 1987.

County Colony Name Township Range Section Colony Size

Adams Berne 25N 15E 16 16

Allen Poe 29N 13E 23 21

Allen Garrett 32N 12E 3 104

Bartholomew Lick Creek* ION 5E 30

Bartholomew Ninevah* ION 5E 7 20

Cass Burrows 26N 1W 3 133

Cass Charley Reserve 28N 3E 31 65

Cass Twelve Mile 27N 3E 7 27

Dekalb Edon 35N 14E 1 53

Elkhart Goshen 36N 6E 34

Elkhart Wararusa 36N 4E 15 115

Franklin Brookville 12N 13E 34 4

Fulton Akron 31N 4E 29 40

Fulton Culver 31N IE 5 44

Fulton New Castle 31N 4E 28 4

Fulton Rochester 31N 3E 29 13

Grant Upland 23N 9E 26 26

Hancock Pendleton 17N 7E 24 12

Hancock Willow Branch 17N 7E 36 11

Jay New Corydon 24N 15E 3 20

Jackson Chestnut Ridge* 6N 6E 35 1

Johnson Bargerville 14N 3E 32 225
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County Colony Name Township Range Section Colony Size

Kosciusko North Manchester 30N 6E 12 43

Kosciusko Rosbrugh 33N 6E 30 173

Lagrange Mongo 37N HE 17

Lake LaSalle* 31N 9W 6

LaPorte Kankakee 33N 3W 10 38

Lawrence Norman 6N 2E 19 2

Marion Fort Harrison* 17N 5E 30 108

Marion McCordsville 17N 5E 29 14

Martin Crane 5N 4W 18 202

Miami Bunker Hill 26N 4E 25 63

Miami Roann 28N 5E 10 4

Montgomery Alamo* 17N 6W 11 34

Montgomery Beckville 18N 3W 11 21

Newton Shelby 32N 8W 26 7

Noble Cromwell 34N 8E 28 166

Owen Arney 9N 5W 32 85

Pike Augusta 2S 7W 12 7

Pike Petersburg IS 8W 34 76

Porter Hebron 33N 7W 25 131

Porter Indiana Dunes* 37N 5W 26 86

Pulaski Bass Lake* 31N 2W 13 125

Pulaski Jasper/Pulaski 31N 4W 7 17

Putnam Big Walnut 16N 3W 32 71
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County Colony Name Township Range Section Colony Size

Randolph Redkey* 21N 12E 23 3

Ripley Holton* 7N 10E 35 164

St. Joseph Galien 38N 1W 11 112

St. Joseph Lilovich* 35N IE 12 212

Starke English Lake* 33N 3W 29 5

Steuben Flint 37N 12E 10 395

Steuben Hamilton 37N 14E 33 10

Sullivan Heathsville 6N 10W 34 125

Sullivan Merom 7N 11W 1 186

Tippecanoe Brookston 24N 3W 21 22

Vigo Hutton ION 11W 30 99

Wabash LaFontaine 26N 7E 33 43

Warren Attica 22N 7W 32 29

Washington Smedley 3N 3E 30

Wayne Fountain City 17N 14E 8 4

Wayne Pottershop 15N 13E 16 205

Wells Zanesville 28N HE 8 45

Whitley Columbia City 31N 9E 21 4

* Colony occurs on public property.

RESULTS AND DISCUSSION

During 1987, 58 active great blue heron nesting colonies were identified (Table 1).

Active colonies were located in 40 counties (Figure 1). This total represents a net in-

crease of seven colonies over the 51 identified in the 1985 survey (Iverson, 1986). Five

colonies active in 1985 were abandoned, two colonies active in 1983 (Iverson, 1984) but
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Table 2. Number and average size of great blue heron colonies in Indiana during the 3

biennial surveys.

1983 1985 1987 Test 1

All colonies

Mean colony size 42.9 57.3 70.5 NS
N of colonies 43 51 58

Colonies active in all

three surveys

Mean colony size 45.6 63.9 83.2 *

N of colonies 36 36 36

1 One-way ANOVA.
* p < 0.05.

NS = Not sigificant for increase in each biennium.

abandoned in 1985 were active again in 1987, and 10 new colonies were added. It is dif-

ficult to determine when a new colony develops, and most of the "new" colonies reported

here were probably overlooked in past surveys.

A total of 4090 great blue heron nests was counted, ranging from 1-395 nests/colony

(mean = 70.5 nests/colony). Forty percent more great blue heron nests were counted in

1987 than in 1985 (2923 nests). A significant upward trend was noted in mean colony

size (Table 2) between 1983 and 1985 (Sign test, p < 0.05, N = 39) and between 1985

and 1987 (Sign test, p < 0.05, N = 46). A significant increase (p < 0.05) also occurred in

mean colony size from 1983 to 1987 among the 36 colonies that were active during all

three surveys. This latter increase may be a more meaningful comparison of change.

These data probably represent close to the actual great blue heron population size in

Indiana as the number of newly discovered or reported colonies has continued to decline.

The 1983 survey reported 42 active colonies (Iverson, 1984). Between the 1983 and the

1985 survey, 12 "new" colonies were reported (Iverson, 1986). Between 1985 and 1987.

10 "new" colonies were reported. Since the 1987 survey, only 2 reports of previously un-

known colonies have been reported to the NEWP.
Comparisons of colony size between the 1985 and 1987 survey periods are consid-

ered valid in spite of two possible sources of experimental error. The first is possible ob-

server error; the number of participants (N = 28), who surveyed one or more colonies.

For 48 of the 58 colonies surveyed in 1987, the same individual conducted both the 1985

and 1987 census of that colony. Only three new participants were involved in the survey

in 1987. Constancy and experience of participants minimized the possibility of observer

error.

A second source of error is the use of fall counts for six colonies in 1987. Tests were

conducted during both 1985 and 1987 to evaluate the relationship between spring and fall
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counts in the same colony. Eight colonies were counted in both spring and fall by the

same observer and the nest change among all colonies was less than 1 % (the range was

from 22% to -12%); four colonies increased, three decreased, and one remained unchanged.

These tests indicate that little significant variation occurred between spring and fall counts

at the statewide population level. Taylor, et al. ( 1 982) also found minimal differences be-

tween spring and fall counts.

The data suggest that the great blue heron nesting population in Indiana is undergo-

ing an upward trend as evidenced by an increase in the total number of nesting colonies

and, more importantly, by an increase in mean colony size in successive surveys. A 1987

statewide heron survey conducted in Illinois also documented a 6% increase in the total

number of great blue heron colonies from 1985 to 1987 and a 54% increase in the total

number of nests (Kleen, 1 987). Increasing population trends for both Indiana and Illinois

agree with Federal Breeding Bird Survey data that demonstrate a significant increase in

great blue herons in the Eastern Region and especially in the Great Lakes Plain physio-

graphic region (Robbins, et al., 1986).

Heron colonies were not evenly distributed throughout the State (Figure 1). Chi-

square analysis of the number of colonies within each of the four physiographic regions

indicated that colonies did not occur in proportion to the total region land area (Table 3).

Over 43% of the total x 2 value was attributed to a greater than expected occurrence of

colonies in the Great Lakes Region. Conversely, fewer colonies than expected occurred

in both the Lexington Plain (23% of the total x 2
) and the Highland Rim (29% of the x 2

value). Mean colony size did not differ significantly (1-way ANOVA) among the four

regions (Table 3).

Average colony size varied between colonies in riparian and upland habitats among

all colonies and among colonies within some physiographic regions. Colonies in ripar-

ian habitats were significantly larger than those in upland areas (Table 4). Colonies were

also significantly larger in riparian habitats within the Till Plain. Mean colony sizes tended

to be larger (though not significantly) in riparian habitats in the Lexington Plain and High-

land Rim but smaller in the Great Lakes Plain. Beech (Fagus grandifolia) was the pre-

dominant tree species used for nesting by herons in upland sites, and sycamore {Platanus

occidetalis) was the predominant tree used in riparian areas.

Physiography and the associated relative abundance of wetland forging habitat be-

tween regions may be the most important limiting factor affecting the distribution and

size of great blue heron nesting colonies in Indiana. Proportionately more colonies and

generally larger colonies occurred within the Great Lakes Plain. This region has a large

number of wetlands (e.g., bogs, fens, shallow emergent wetlands, and numerous lakes)

that are of glacial origin (Homoya, 1985). The total surface area of these wetlands is also

quite high. Herons are not dependent on riparian areas but can nest in upland woodlots

and travel in all directions (up to 28 km; Parris and Grau, 1979) to forage in surrounding

wetlands. Conversely, other regions of the State have fewer natural wetlands, and herons

are more dependent on riparian areas for foraging. This pattern was evident in the Till

Plain that is dominated by intensive agricultural development but transected by a number

of rivers. Here, more colonies occurred in upland habitats, but those occurring in riparian

areas were significantly larger. Gibbs, et al (1987) demonstrated that great blue heron

colony size was positively correlated with the abundance of nearby foraging habitat.

The number of years that a colony site had been active was known for 31 colonies.

These ages are considered minimum values, since determination of the actual year that a

colony became active is difficult. The oldest colony is the Rosbrugh colony in Kosciusko
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Table 3. Distribution and mean size of great blue heron colonies in Indiana by physio-

graphic region in 1987. A chi-square analysis was used to test for a proportional distri-

bution of colonies based upon the area of the region (x 2 = 13.9; df= 3; p < 0.01).

Physiographic

Region

Area of Region

(% of State)

Number of

Colonies

Colony Size

Mean

Great Lakes Plain

Till Plain

Lexington Plain

Highland Rim

24

33

30

13

23

23

10

2

85.3

50.3

76.7

102.0

Total 100 58 70.5

County that has reportedly been active for over 150 years. A positive correlation exists

between the number of years that a colony site has been active and the colony size (r =

0.68, p < 0.001); e.g., older colonies were larger, but the causal relationship is not under-

stood. Some degree of stability inherent in larger colonies is suggested which would have

important ramifications for conservation. Of the five colonies that were abandoned be-

tween 1985 and 1987, four were in the smallest colony size category (Table 5), suggest-

ing a relative instability of smaller colonies. The three colonies that were abandoned between

the 1983 and 1985 surveys were also in the smallest size class category (less than 25 nests).

Ryder (1980) also reported that smaller colonies were more prone to abandonment.

Timber harvesting activity was the likely cause of abandonment for two colonies.

Dead or dying timber was the cause of abandonment in one colony in 1987 and was im-

plicated in the abandonment of two colonies in the 1985 survey (Iverson, 1986). Vermeer

(1969) also attributed the decline and abandonment of heron colonies in Alberta to dead

or dying timber supporting the nests. The LaSalle colony was the only large colony aban-

doned over the course of these three surveys. Public disturbance on this state-owned wildlife

area was believed to be the reason for abandonment.

The colonial nesting habit of the great blue heron results in a large number of indi-

viduals concentrated into a relatively small area (e.g., 395 pairs in a 15 ha woodlot in the

largest colony in Steuben County). This colony represents almost 10% of the entire state-

wide population. Over 70% of the nests in Indiana occur in the 17 largest colonies

Table 4. Average great blue heron colony size by habitat association within physiographic

regions. The Wilcoxon Rank-Sum Test was used to test for differences between mean

colony size by habitat type (p > Id).

Physiographic

Region

Mean Colony Size

Riparian

(N of Colonies)

Upland

Test

Great Lakes Plain 68.1 (9) 96.4 (14) p = 0.66

Till Plain 106.7 (7) 25.6 (16) /? = 0.01

Lexington Plain 84.8 (9) 4.0 (1) p = 0.22

Highland Rim 202.0 (1) 2.0 (1)

Total 89.4 (26) 55.2 (32) 0.04
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Table 5. Change in great blue heron colonies from 1985 to 1987 by colony size catagory.

Colony Size Category Number Number No Number Total

N of Nests Increased Decreased Change Abandoned

Over 200 2 2

101 -200 3 2 1 6

51 - 100 12 12

26-50 3 6 9

1 -25 13 3 2 4 22

Total 33 11 2 5 51

(Table 6). Thus, disturbance at a few sites jeopardizes a large proportion of the statewide

population.

Historically, black-crowned night-herons and great egrets commonly nested in mixed

species colonies with the great blue heron (Butler, 1898). During this survey, no nests of

black-crowned night-herons were located within or adjacent to great blue heron colonies.

However, the night-heron nests somewhat later than the great blue heron (Graber, et ai,

1978), so nesting activity of night-herons might have been missed. One unsuccessful

nesting attempt by a single pair of great egrets was recorded in the Kankakee colony in

1987. These observations are in sharp contrast to a statewide heron survey conducted in

Illinois in 1987 that identified a total of 19 colonies containing both great blue herons and

great egrets (Kleen, 1987).

A comparison of present great blue heron populations with historical levels is nearly

impossible due to insufficient historical data. Keller (1966) provided the only available

review of great blue heron colonies in Indiana. He cited a total of 45 colonies that ex-

isted at some time over a 68-year period from 1897 to 1965, the largest containing 130

nests. Butler (1898) mentioned reports of several large, mixed-species heronries (great

blue heron, great egret, and black-crowned night-heron) containing thousands of herons

at a site referred to as "cranetown" as well as another area called "Crane Haven." Both

colonies occurred within the famous "Grand Marsh" of the Kankakee River. Such colonies

would easily have outnumbered the current statewide population of about 400 herons,

suggesting that the current great blue heron population is lower than in the past.

Table 6. Size distribution of great blue heron colonies in Indiana, 1987.

Colony Size Number of Total Number Percent of

Category Colonies of Nests All Nests

Over 200 5 1239 30

101 -200 12 1642 40

51 - 100 8 598 15

26-50 10 369 9

1 -25 23 242 6
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CONSERVATION STRATEGY

To provide for the conservation of the great blue heron, several programs should be

included in a conservation strategy. First, the statewide surveys should be continued on

a regular basis in order to monitor the status of this species, to detect any decline in pop-

ulation, and to identify threats to individual nesting colonies.

Second, significant colonies should be protected from adverse effects that would jeop-

ardize their continued existence. All colonies containing over 200 nests should be tar-

geted for a greater degree of protection. Protection could involve entering each into The

Nature Conservancy's Registry Program to alert the landowner that a significant natural

resource exits on his property. Significant recognition of 30% of the statewide popula-

tion could be accomplished through this strategy. If direct and irreversible threats to the

continued existence of a colony exist, the site should be targeted for permanent protec-

tion through conservation easements or purchase. The IDNR NEWP purchased the Lilovich

colony in 1987 after it was learned that the woodlot supporting this colony was to be

logged.

Finally, a minimum population threshold level should be established which would

trigger the implementation of intensive research should either abrupt or chronic decline

in the statewide great blue heron population be detected. Research would focus on iden-

tification of factors implicated in population decline, such as chemical contaminants, pub-

lic disturbance, timber harvesting, or land development. Once identified, management

actions could be implemented to counter the causal factors.
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ABSTRACT: The only population of interior least terns nesting east of the Mississippi River oc-

curs at Gibson Lake in southwestern Indiana. This Federally endangered species was first noted

nesting in Indiana in 1986. Recent management practices have been directed towards encourag-

ing nesting by terns and at monitoring numbers and reproduction. To encourage tern use of the

Gibson Lake site, decoys and broadcasts of tern vocalizations were employed as social attractants.

Least tern reproductive effort has increased and evidence indicates that a small colony of least terns

is now established. Production in 1991 was poor, and 1992 management focused on reducing pre-

dation. Other potential Indiana least tern habitat is restricted to the lower Wabash River. Surveys

of these sites have demonstrated no use by breeding terns.

INTRODUCTION

The interior least tern (Sterna antillarum athalassos) breeds on exposed sand, shell,

and gravel islands and bars of the Mississippi River and its major tributaries (Bent, 1 92 1

;

Hardy, 1957; Ducey, 1981; Sidle, et al., 1990). Breeding least terns occupy ephemeral

colony sites dependant on regular scouring by high water to eliminate encroaching veg-

etation. Human recreational use and modification of these riverine systems, including

impoundment and channelization, has resulted in extensive loss of breeding habitat

(Downing, 1980; Ducey, 1981; Sidle, et al., 1990). The breeding range of interior least

terns is currently restricted to remnant localities within a wider historic distribution. In-

terior least terns no longer occur on most tributaries of the lower Mississippi. Sidle.

et al. (1988) summarized the results of intensive least tern surveys conducted through-

out the current range of the species in 1985-1987 and noted fewer than 5000 adults.

Over half of all breeding terns occurred on the Mississippi River between Cape Girardeau,

Missouri, and Vicksburg, Mississippi. Least terns have been eliminated from historic

sites in the Ohio River basin. A single historical nest record exists for the Ohio River

conterminous with Indiana. A single nest was discovered at the Falls of the Ohio near

Louisville, Kentucky, in 1967 (Mumford and Keller, 1984).

Human activity can create functional breeding habitat. Nesting least terns have been ob-

served on dredge spoil islands, parking lots, farm fields, rooftops, and various other artifi-

cial sites with sand or gravel substrates (Altman and Gano, 1984; Kotliar and Burger. 1986;

Sidle, et al., 1988). These artificial sites often are not widely used and contribute little to

annual least tern recruitment. Kotliar and Burger ( 1 986) noted that dredge spoil sites in New
Jersey supported smaller colonies of costal least terns (S.a. antillarum) and had a higher fre-

quency of colony abandonment than natural sites. Human disturbance, accessibility to ground

predators, increased distance to water, and a higher proportion of coarse particles in the sub-

strate at these sites may have contributed to low use and poor reproductive success.
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Interior least tern nesting at Gibson Lake in Indiana is an example of the opportunistic

use of an artificial colony site and represents the only known nesting of interior least terns

east of the Mississippi River. Abundant natural least tern habitat occurs on the lower

Wabash near Gibson Lake, but tern use of these sites had not been systematically evalu-

ated prior to this effort. Least terns nests may fail at natural riverine sites because of

flooding, predation, or human disturbance. Gibson Lake is, or may be, secured from all

of these detrimental factors. Our purpose has been to develop a sustained breeding pop-

ulation of interior least terns in southwestern Indiana, and those management attempts

are summarized in this paper.

STUDY AREA

Gibson Lake is an 1 180-ha cooling impoundment for the Gibson Generating Station,

a coal-powered electrical generating plant owned by PSI Energy. The lake is located less

than 1 km from the Wabash River and 3.8 km southeast of Mt. Carmel, Illinois. Con-

struction of the lake was completed in 1973. Gibson Lake is bisected by a 3.4 km-long

central dike that extends out into the lake from the plant. The dike separates the gener-

ating plant warm water discharge and water intake structures to facilitate water cooling.

The dike is composed of limestone rip-rap. Its 5 m-wide top is surfaced with finely crushed

limestone and serves as a maintenance road. Annual herbicide applications have pre-

vented vegetation encroachment on the dike. Access to the central dike is limited to IDNR
personnel each year when terns are resident. Gibson Lake supports a large population of

forage fish, principally threadfin shad (Dorosoma petenense) and brook silversides

{Labidesthes sicculus).

MATERIALS AND METHODS

Field work was conducted from 1987 through 1992 and was initiated by late April in

each year. In 1987 and 1988, field work was limited to regular inspections of the site to

assess tern breeding activity and nest success. In 1989, 22 decoys were deployed at the

distal end of the central dike. In 1990 and 1991, a second group of 22 decoys was added

approximately 320 m from the first group. In 1992, all decoys were again located at the

end of the dike in a single group. Decoys were constructed of laminated cedar and were

anchored in place on rebar stakes. They were placed singly and in pairs at a mean inter-

val of 2 m to maximize their social attraction value (Burger, 1988). Decoys have been

used successfully in California, Virginia, New Jersey, and Maine to attract coastal least

terns to abandoned colony sites or to sites secured from predation and human disturbance

(Kress, 1983; Burger, 1988; Francher, 1984).

In 1990 and 1991, a 12-V tape player, amplifier, and public address speaker were

employed to broadcast nonaggressive least tern colony vocalizations at one of the decoy

groups. Recordings on three-minute endless-loop cassette tapes were broadcast from 0800

to 1600 hr daily at a maximum volume of 80 db. A timing device was employed to turn

the system off from 1600 hr to 0800 hr the following day. Recordings of tern vocaliza-

tions were obtained from the Cornell University Library of Natural Sounds.

Decoys were observed in 1990 and 1991 from a blind or vehicle two or three times

per week with a spotting scope at a distance of 50 to 300 m. To evaluate the social at-

traction value of decoys and vocalization broadcasts in least tern management, the dis-

tance of each tern landing from the nearest decoy group was recorded. Each alighting
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with an intervening flight was regarded as a landing. The 320 m space between decoy

groups was divided into four 80 m lengths. A landing was arbitrarily defined as in asso-

ciation with decoys when within 80 m of a decoy group. Data on landings were not recorded

for nesting pairs after nests had been initiated as it was apparent that landing location was

tied to nests and not to the presence or absence of decoys.

Least terns were color marked from 1989 to 1992 to facilitate assessment of colony

site fidelity. Adult terns were trapped on the nest during late incubation. A net propped

over the nest was dropped on an incubating adult by an observer in a blind 25-50 m away.

To minimize disturbance, no more than one member of a pair was captured and banded.

The marking system, which consisted of a combination of aluminum and colored Darvic

bands, was coordinated with personnel of the Missouri Department of Conservation

which conducts an extensive least tern banding program. The total time for capture and

marking, during which the nest remained unattended, was less than 30 minutes. Chicks

were captured in the vicinity of the nest after hatching.

Management efforts in 1992 focused on minimizing the impact of predators on tern

reproductive success. A predator exclosure was constructed around the last 100 m of the

central dike enclosing the decoys and all nests (Mayer and Ryan, 1991). A 90-cm-high

barrier of 2.5 cm mesh poultry netting was constructed across the dike extending into the

water on both sides. The barrier was supported by steel T-posts driven into the road and

rip rap. An electric fence was constructed around the perimeter of the top of the road

within the barrier. A single strand of electrically-charged, 17 gauge, smooth wire encir-

cled the colony twice at heights of 6.25 and 14 cm.

Norway rat {Rattus norvegicus) predation within the exclosure was controlled with

brodifacoum poison baits. Baits were wired in the center of 5 cm x 30 cm sections of

plastic pipes to minimize the exposure of terns and other nontarget species.

Nocturnal avian predation by owls or black-crowned night herons (Nycticorax

nycticorax) was discouraged through the use of a strobe-light-system (Kruse and Higgins.

1991 ). During late incubation, six strobe lights were placed at regular intervals through-

out the exclosure. The lights were photocell activated and ran from sunset to sunrise. The

system was powered by a 12-V battery.

Typical least tern breeding habitat on the Wabash River was surveyed during the breed-

ing season by air and then by boat from Terre Haute, Indiana to the Ohio River in 1987

and from Mt. Carmei, Illinois, to the Ohio River in 1989-1991. Habitat quality was as-

sessed using the USFWS Habitat Suitability Index model for least terns (Carreker, 1985).

RESULTS AND DISCUSSION

Gibson Lake. Least terns first nested on the central dike in 1986 (Mills. 1987) and

again in 1987. In both years, a single nesting pair was present. No terns nested at

Gibson Lake in 1988. By 1989 and 1990, the number of adults had increased to seven

and eight, respectively. Twelve adults were observed in 1991. In 1992, the number of

resident adults dropped to eight, possibly in response to disturbance by predators the

previous year (Figure 1). In each year, nonbreeding adults were resident and participated

in colony defense, most notably in the prebreeding and early incubation periods.

The number of nests and chick production at Gibson Lake has shown a similar pat-

tern. Single nests were initiated and clutches hatched in 1986 and 1987. This number in-

creased to three nests in 1989 and 1990. In 1991, seven nests were initiated, and twenty

eggs successfully hatched. Of these nests, five were first nests and two were renesting
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Figure 1. Least tern numbers and productivity at Gibson Lake, Indiana, 1986-1992.

attempts following chick predation. In 1992, three nests were initiated, and eight of nine

eggs hatched.

No Gibson Lake nests have been predated prior to hatching. From 1 986 to 1 990, chick

survival was high. Although it was not possible to obtain precise estimates of survival

rates, fledging success may have approached 100 percent. Chicks were regularly observed

late in the prefledging period, and fledged chicks were frequently seen. However, in 1 99 1

,

chick predation was substantial, resulting in the loss of all chicks from the five first nests

and four of five chicks from the two renesting attempts.

Predation on tern chicks at Gibson Lake probably represented the opportunistic use

of a prey species by predators. An abundant fish population attracts and supports preda-

tors. Fish are readily available among the rip-rap at the water line and are very abundant

on top of the dike as carrion. Increased tern numbers and activity at the site may have

focused attention on the chicks. Predators using the site in 1991 evidently fed only on

chicks and not on eggs.

Although difficulty in achieving an adequate ground limited the effectiveness of the

electric fence as a predator deterrent, other 1992 efforts to minimize predation were suc-

cessful. Although rat baits were readily consumed and up to 75 black-crowned night herons

were seen on the dike away from the colony site, at least six of eight chicks were suc-

cessfully fledged from within the enclosure.

Decoys appear to be an effective social attractant contributing to colony growth at

Gibson Lake. The number of resident adults increased steadily after initiation of the use

of decoys in 1989 (Figure 1). The distance from decoys and number of landings were

strongly negatively correlated (r = -0.931, p < 0.005). Under the circumstances tested,

broadcasts of colony vocalizations had no effect on the distribution of least tern land-
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Figure 2. Mean nest initiation dates and the mean initiation dates for two and three-egg

nests, 1986-1992. No terns nested in 1988.

ings. Terns landed with equal frequency at decoy groups with and without broadcasts

(%2 = 2.31, p = 0.30). Even though vocalizations had no demonstrable social attraction

value, they presumably increase the realism of the simulated colony when played at a

volume mimicking actual tern vocalization. The value of louder broadcasts as a long

distance attractant has not been assessed.

Large interior least tern colonies on the Mississippi River south of Cairo, Illinois,

appear to be the source of terns nesting at Gibson Lake. These perennial colonies are

nearest the Ohio River basin. One member of a 1 990 breeding pair had been color-marked

as an adult on the Mississippi River in 1987 near Hickman, Kentucky, by personnel of

the Missouri Department of Conservation. Another adult, also color-marked on the

Mississippi in 1 987, was captured in 1 99 1 , and a third, marked as a chick near Caruthersville.

Missouri, in 1 989, was captured on a nest at Gibson Lake in 1 992 (R. Renken, pers. comm.).

Annual mean nest initiation dates in Indiana have traditionally occurred in late June

to early July, 2.5 to 6 weeks after the peak of first nest initiation at Mississippi River sites

in Missouri. These nests (with the exception of the single nest in 1987) have all contained

two eggs. Clutch size for least terns is typically reported as two or three eggs (Bent. 1 92 1

:

Whitman, 1988), but two-egg nests are commonly associated with first-time nesters or

renesting attempts. Late nest initiation and small clutch size may have indicated a colony

composed of young, first-time nesters prospecting new breeding sites or birds renesting

after inundation or predation of first nests, perhaps at Mississippi River colonies. A nest

was initiated on 10 July 1990 by a tern banded as an adult in Missouri and not seen pre-

viously that year at Gibson Lake. That all 1991 and 1992 nests contained three eggs sug-

gests that Gibson Lake is now used as a primary colony site by experienced nesters for
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the initiation of first nests. The mean first nest initiation date of 6 June in both 1991 and

1992 is significantly earlier than the mean date for the previous five years (t = 9.81,

p < 0.001), suggesting that these were first nests of older terns and that Gibson Lake is

developing into a traditional colony site (Figure 2).

Two pairs nesting on the center dike in 1992 contained members marked at the site

in 1991 (Johnson, 1992). Site fidelity is important in colony establishment and mainte-

nance. Because Gibson Lake is secure from inundation and because management pre-

vents vegetation encroachment and minimizes human disturbance, an increase in colony

size seems likely, if predation can be controlled.

To summarize, a general increase in least tern reproductive activity has occurred at

Gibson Lake since 1986. Reproductive success has been good in each year with the ex-

ception of 1991, when predation virtually eliminated reproductive output. Efforts in 1992

to minimize predation proved effective. A nesting colony has been successfully estab-

lished at Gibson Lake since 1986 through the use of decoys and through site fidelity demon-

strated by terns.

Wabash River. Surveys of sandbar habitat along the Wabash River failed to locate

nesting least terns. Forty-two potential colony sites were identified using aerial photos

taken during a time of low river levels in the spring of 1987. All potential habitat was re-

stricted to the river below Terre Haute, Indiana, and collectively comprised 25.4 km of

shoreline habitat of which 20.6 km was located below Mt. Carmel, Illinois. Sites above

Mt. Carmel were marginal in size and composition (i.e., silt and large river cobbles). Car-

reker (1985) notes a preference by least terns for nesting on substrates of fine gravel, shells,

and coarse sands. Mean bar length was significantly greater for sites below Mt. Carmel

than for sites above (977 m and 303 m, respectively). Mean maximum bar height above

the water was 1 .4 m below and 0.6 m above Mt. Carmel (f = 3.44, p < 0.005). Bar height

and length were significantly correlated (r = 0.78, p < 0.005).

All Wabash River habitat was limited in quality by excessive human disturbance, ac-

cessibility to predators, or frequent inundation during the breeding season, and was de-

termined to be unavailable to least terns due to fewer than 100 days of continuous exposure

during the breeding season (Carreker, 1985; Smith and Renken, 1991).
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ABSTRACT: Fish communities and habitat at 25 sites located throughout the Eel River mainstem

and 6 tributaries were studied during the summer of 1990 using a 3/ 16 inch mesh, 30 ft by 4 ft seine

to collect small fish and a backpack electrofisher. Comparisons were made with studies over the

past 50 years. The 1990 fish community was improved compared to the 1982 community, perhaps

because of an intervening series of years when both river discharge and suspended sediment con-

centrations were lower than normal. Over a longer perspective the fish community is degraded.

Many species common 50 years ago are now either absent or very severely reduced in distribution

and abundance. Rainbow darter, orangethroat darter, bluebreast darter, and stonecat were not col-

lected at all. Mottled sculpin, greenside darter, blackside darter, silver shiner, rosyface shiner, longear

sunfish. and smallmouth bass were very restricted in their distribution.

INTRODUCTION

The current study was conducted under contract with the Indiana Department of En-

vironmental Management to examine existing fish communities and compare them with

those found by Gerking (1945), Taylor (1972), and Braun and Robertson (1982). It in-

cluded an evaluation of instream and nearstream habitat from the standpoint of agricul-

tural nonpoint sources of pollution and its possible influence on those fish communities.

Morrison ( 1 977, 1 98 1 ), Schlosser and Karr ( 1 98 1 ), and Karr, et al. (1987) studied the ef-

fects of agriculture on other stream ecosystems.

Exerting roughly equivalent effort and similar methods, Braun and Robertson (1982)

found only 3 smallmouth bass from the Eel River in northern Indiana compared to 96 bass

captured 1 1 years earlier by Taylor ( 1 972). Smallmouth bass populations were augmented

by stocking over 17,000 fin-clipped fingerlings from 1983 through 1986 by the Indiana

Department of Natural Resources (IDNR). Several stations in the extreme lower river

and in tributaries were intensively sampled during this period. This severe reduction in

number of individuals suggests a significant change in the ability of the Eel River to sus-

tain a quality fish community.

THE EEL RIVER

The Eel River is located in northwest Allen County near Ft. Wayne; it flows south-

west for approximately 1 77 km ( 1 1 mi) through Kosciusko, Whitley, Wabash, and Miami

Counties into the Wabash River at Logansport in Cass County. Its rate of descent is 0.457

m/km (2.41 ft/mile) with a lower rate in the upper third and a slightly higher rate in the

lower 20 km.

This area originally contained glacial lakes and swampy wetlands, but it was exten-

sively ditched and drained prior to 1900 for agricultural use. Approximately 19% of its

2,148 km 2 (814 m 2
) drainage basin area (Hoggatt, 1975) is devoted to rowcrop agricul-

ture, primarily corn and soybeans. Most of the smaller tributaries and the upper river

have been channelized to facilitate drainage. Low mill dams have been constructed at
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Figure l . Map of the Eel River and main tributaries with locations of collecting sites.

various locations. Many of these dams are disintegrating except for the Logansport dam
near the mouth of the Eel River.

MATERIALS AND METHODS

The study objectives included l) a reconnaisance float trip of the entire river,

2) sampling each station twice by electrofishing, 3) sampling many of these same stations

on one separate occassion by seining, and 4) a habitat survey (HEP) at each station. Secchi
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Table 1. Habitat assessment scoring criteria (HEP).

Habitat Parameter Condit ion

Excellent Good Fair Poor

Primary Influence

Substrate and Instream Cover

1 . substrate/cover 16-20 11-15 6-10 0-5

2. embeddedness 16-20 11-15 6-10 0-5

3. water velocity 16-20 11-15 6-10 0-5

Secondary Influence

Channel Morphology

4. channel alteration 12-15 8-11 4-7 0-3

5. scouring/deposition 12-15 8-11 4-7 0-3

6. pool/riffle ratio 12-15 8-11 4-7 0-3

Tertiary Influence

Riparian and Bank Structure

7. bank stability 9-10 6-8 3-5 0-2

8. bank vegetation 9-10 6-8 3-5 0-2

9. bank cover 9-10 6-8 3-5 0-2

transparency and temperature were routinely measured on each occasion. In addition,

synoptic short-term profiles of turbidity, temperature, and dissolved oxygen concentration

were determined on three separate dates.

Single stations were located on lower Twelve Mile, Paw Paw, Squirrel, Beargrass,

and Sugar Creeks, and also upstream and downstream of Columbia City on the Blue River

(Figure 1). The remaining 16 stations were located on the mainstem of the Eel River.

Some mainstem stations (Taylor's 2B, 2, and 3) and Squirrel Creek were not seined be-

cause of inappropriate habitat.

Seining was conducted with a 30-foot by 4-foot seine having 3/16 inch mesh weighed

down by a heavy steel chain tied to the bottom. This method was very effective at cap-

turing darters and minnows. Three seining passes along 20 m of shoreline constituted

each seine sample.

Electrofishing utilized a Safari Bushman 300 backpack shocker carried in a canoe or

while wading, depending on place and depth. Each electrofishing sample was about 20 min-

utes in duration along approximately 400 meters of shoreline. This method was effective in

capturing larger fish such as redhorse and nearshore species including sunfish and bass.

All captured fish were identified to species, weighed, and measured, and most were

then released unharmed. Those fish not easily identified in the field were preserved in

formalin and returned to the laboratory for identification (Trautman. 1981).

Fish data were analyzed using the index of well-being (Iwb) and the index of biotic

integrity (IBI). The 1990 Iwb values were based upon the average of two electrofishing

catches at each station. The rationale of this community parameter is presented by Gam-

mon (1980), who recommended multiple collections at each site.



70 Environmental Quality: Gammon and Gammon Vol. 102 (1993)

The Iwb was calculated as:

Iwb = 0.5 In N + 0.5 In W + Div. no. + Div. wt.,

where N equals the number of fish captured per km, W equals the weight in kg of fish

captured per km, Div. no. equals the Shannon diversity based on numbers, and Div. wt.

equals the Shannon diversity based on weight.

The IBI methodology, thoroughly discussed by Karr ( 1 98 1 , 1 987), Karr, et al. ( 1 986,

1987), and Angermeier and Karr (1986), was modified slightly by expanding the metric

dealing with number of species to make it consistent with the Sugar Creek study (Gam-

mon, et al, 1991) and an agricultural analysis of several streams in west-central Indiana

(Gammon, et «/., 1990). The 1990 IBI values were based upon the combined catches

from electrofishing and seining. The IBI values calculated on data from earlier Eel River

studies may be influenced to an unknown degree by the somewhat different methodolo-

gies used to collect fish. Taylor ( 1 972) used a combination of electrofishing and rotenone,

while Braun and Robertson (1982) used more intensive electrofishing. We have elected

to use the same criteria regardless of stream order.

Habitat was quantitatively evaluated at each mainstem collecting site, except for the

most downstream site near the Logansport dam and Taylor's site 1, using a habitat eval-

uation procedure (HEP) (Plafkin, et «/., 1989) adapted from Platts, et al (1987). HEP
quantifies 9 habitat characteristics summarized in Table 1. The total score for each site

was based upon data from 10 transects at each site spaced 25, 50, or 100 feet apart.

In addition, several other physical measurements were taken whenever fish collec-

tions were made and also in special longitudinal surveys. Stream turbidity was measured

with a secchi disc and/or a B&L Minispec20 nephelometer. Water temperatures and dis-

solved oxygen readings were obtained using a YSI meter. Water velocity was measured

using a Gurley pygmy meter. All distances were measured optically using a Leitz

rangefinder.

Estimates of the amount of woodland were based on conventional analyses of en-

larged LandSat infrared photographs taken on May 2, 1981. These were obtained from

U.S. Geological Survey (ESIC), EROS Data Center, Sioux Falls, South Dakota.

The drainage area perimeter was determined using topographic maps of tributaries.

This scaled map was superimposed over the infrared photographs on a light table. Plots

of land with permanent tree cover were outlined on the topographic map.

The marked topographic map was traced onto a fine grid using a light table. Indi-

vidual grids with more than 50% woodland were marked. Grid totals were counted and

the percentage woodland was calculated. Land use in a few tributaries was not deter-

mined because of insufficient coverage of LandSat infrared photographs.

RESULTS

A total of 6,635 fish comprising 46 species were captured by electrofishing and sein-

ing (Table 2). Forty species and 4154 individuals (63%) were taken by seining alone.

Electrofishing catches also yielded 40 species, but only 2481 individuals or 37% of the

total.

Bluntnose minnow {Pimephales notatus) was very common with 40.9% of the total

number seined, while sand shiner {Notropis stramineus), spotfin shiner (N. spilopterus),

common shiner (N. cornutus), silverjaw minnow {Ericymba buccata), and creek chub
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Table 2. Species of fish collected from the Eel River and tributaries.

Family & Common Name (Scientific Name) 1 945
a

1 972 1 982 1 990

Lampreys - Petromyzontidae

Am. Brook lamprey (Lampeta lamottei) x

Chestnut lamprey (Ichthyomyzon castaneus) x

Gar Family - Lepisosteidae

Longnose gar {Lepisosteus osseus) x

Herring Family - Clupeidae

Gizzard shad (Dorosoma cepedianum) x x x x

Mudminnow Family - Umbridae

Mudminnow {Umbra limi) x x x x

Pike Family - Esocidae

Grass pickerel (Esox vermiculatus) x x x x

Northern pike (Esox lucius) x

Minnow Family - Cyprinidae

Carp {Cyprinus carpio)

Stoneroller {Campostoma anomalum)

Silverjaw minnow (Ericymba buccata)

W. silvery minnow {Hybognathus nuchalis)

Creek chub (Semotilus atromaculatus)

Hornyhead chub {Nocomis biguttatus)

River chub {Nocomis micropogon)

Silver chub (Hybopsis storehana)

Bigeye chub (Hybopsis amblops)

Speckled chub (Hybopsis aestivalis)

Suckermouth minnow (Phenacobius mirabilis)

Emerald shiner (Notropis atherinoides)

Common shiner (Notropis cornutus)

Silver shiner (Notropis photogenis)

Spotfin shiner (Notropis spilopterus)

Blackchin shiner (Notropis heterodon)

Sand shiner (Notropis stramineus)

Rosyface shiner (Notropis rubellus)

Redfin shiner (Notropis umbratilis)

Steelcolor shiner (Notropis whipplii)

X X X

X X X X

X X X X

X

X X X X

X X X

X X X

X

X X X

X

X X X X

X X

X X X X

X X X

X X

(X)b

X

X X

X X X

X X X

X X
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Family & Common Name (Scientific Name) 1 945
a

1 972 1 982 1 990

Bluntnose minnow {Pimephales notatus) x x x x

Fathead minnow {Pimephales pwmelas) x x

Bullhead minnow {Pimephales vigilax) x

Blacknose dace {Rhinichthys atratulus) x x x x

So. redbelly dace {Phoxinus erythrogaster) x

Golden shiner {Notemigonus crysoleucas) x

Sucker Family - Catostomidae

Quillback carpsucker {Carpiodes cyprinus) x x x

Highfin carpsucker {Carpiodes velifer) x

Black redhorse {Moxostoma dequesnei)

Golden redhorse {Moxostoma erythrurum)

Greater redhorse {Moxostoma valenciennesi)

Silver redhorse {Moxostoma anisurum)

River redhorse {Moxostoma carinatus)

No. hog sucker {Hypentelium nigricans)

White sucker {Catostomus commersoni)

W. creek chubsucker {Erimyzon oblongus)

Spotted sucker {Minytrema melanops)

Catfish Family - Ictaluridae

Yellow bullhead {Ictalurus natalis) x x x

Black bullhead {Ictalurus melas) x x x x

Channel catfish {Ictalurus punctatus) x x x x

Stonecat {Noturus flavus) x (x)b

Tadpole madtom {Noturus gyrinus) x x

Furious madtom {Noturus furiosus) x

Brindled madtom {Noturus miurus) x

Eel Family - Anguillidae

American eel {Anguilla rostrata) x (x)b

Pirate Perch Family - Aphredoderidae

Pirate perch {Aphredoderus sayanus) x

Killifish Family - Cyprinodontidae

Blackstripe topminnow {Fundulus notatus) x x x

Banded killifish {Fundulus diaphanus) x

X X X

X X X X

X X

(x) b

(x) b

X

X X X X

X X X X

X X (x) b

X X X X
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Family & Common Name (Scientific Name) 1 945
a

1 972 1 982 1 990

Sunfish Family - Centrarchidae

Smallmouth bass (Micropterus dolomieui) x x x x

Spotted bass (Micropterus punctulatus) x

Largemouth bass [Micropterus salmoides x x x x

Green sunfish (Lepomis cyanellus) x x x x

Pumpkinseed {Lepomis gibbosus) x x x x

Longear sunfish {Lepomis megalotis) x x x x

Orangespot sunfish {Lepomis humilis) x x x

Bluegill {Lepomis macrochirus) x x x

Rock bass {Ambloplites rupestris) x x x x

White crappie (Pomoxis annularis) x x x

Black crappie (Pomoxis nigromaculatus) x

Perch Family - Percidae

Logperch (Percina caprodes) x x

Gilt darter (Percina evides) x

Blackside darter (Percina maculata) x x x

Slenderhead darter (P. phoxocephala) x

River darter (Percina shumardi) x

No. dusky darter (Percina sciera) x

East, sand darter (Ammocrypta pellucida) x (x) b x

Greenside darter (Etheostoma blennioides) x x x

Rainbow darter (Etheostoma caeruleum) x

Bluebreast darter (Etheostoma camurum) x

Fantail darter (Etheostoma flabellare) x x

Least darter (Etheostoma microperca) x

Johnny darter (Etheostoma nigrum) x x x

Orangethroat darter (Etheostoma spectabile) x x

Sculpin Family - Cottidae

Mottled sculpin (Cottus bairdi) x x x

a Includes all collections prior to 1945.

b Captured in 1984 and/or 1985 (Braun, Robertson, and Stefanavage, 1984, 1986).
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Table 3: Fish community indices for Eel River stations.

Station 1990 No. Spec. Elec.

Taylor Rkm Iwb 1972 1982 1990

IBI

1972 1982 1990

Mainstem Stations

IB 1.6 5.8 12 13 15 38 44 44

2B 5.3 6.4 14 14 14 44 42 44

3B 13.4 6.7 10 11 12 40 38 50

4B 19.3 7.5 17 14 17 44 40 50

5B 30.6 5.3 14 17 18 38 40 46

6B 43.9 7.5 11 12 16 40 44 42

7B 51.5 5.4 17 10 - 44 36 -

1 60.8 6.7 14 8 10 38 32 42

2 66.1 6.1 18 9 17 42 34 44

3 74.7 7.2 16 11 13 46 36 44

4 83.2 5.4 10 12 16 40 40 46

5 90.9 7.2 18 13 10 44 36 40

6 102.2 6.6 13 8 13 36 36 42

7 106.2 6.6 15 9 13 36 32 40

8 113.1 6.6 12 6 16 39 28 32

11 128.4 6.7 19 9 17 42 32 40

Tributary Stations

Twelve Mile Creek

Paw Paw Creek

Squirrel Creek

Beargrass Creek

Sugar Creek

Blue River upstream from Columbia City

Blue River downstream from Columbia City

44

40

40

40

40

40

44

(Semotilus atromaculatus) together contributed another 37%.

The electrofishing catch was more evenly distributed with common shiner (N. cor-

nutus) and common white sucker (Catostomus commersoni) each contributing about 15%
to the catch. Substantial numbers of the following fishes were also found: creek chub

{Semotilus atromaculatus; 9.3%), bluntnose minnow (Pimephales notatus; 9%), rock bass

{Ambloplites rupestris; 7.4%), and northern hog sucker (Hypentelium nigricans; 7.1%).

Smallmouth bass (Micropterus dolomeiui) adults and subadults were mostly found

in the lower 80 km of the Eel River and only in Paw Paw and Twelve Mile Creeks among

the tributaries. Catch rates were higher in the lower 50 km of river and reduced from

Rkm (river kilometer) 50 to Rkm 83. Three of 12 smallmouth bass 250 mm and longer

were fin-clipped, indicating that they were stocked fish. Two of these were collected by

electrofishing at Rkm 61 (Taylor 1) near Roann and the other at Rkm 44 (6B) near Chili.

Young-of-the-year smallmouth bass were taken only in the extreme lower part of the Eel
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Figure 2. Profiles of IBI, Iwb, and modified Iwb for fish communities of the Eel River

during 1990.

River and in Paw Paw and Twelve Mile Creeks.

Largemouth bass {Micropterus salmoides) formed a minor component of the catch.

Fair numbers of small spotted bass {Micropterus punctulatus) were scattered throughout

the mainstem and also in Paw Paw and Twelve Mile Creeks. This species had not been

recorded for the Eel River before, although it might have been present and misidentified

as small largemouth bass. Spotted bass young-of-year were found even in the poorer habitat

upstream from South Whitley. This species has been shown to be tolerant of high turbidity

and sedimentation (Gammon, 1970).

Rock bass {Ambloplites rupestris) was taken at all stations except Squirrel Creek.

Longear sunfish (Lepomis megalotis) was most common in the upper mainstem and Blue
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Figure 3. Mainstem IBI profiles for 1972, 1982, and 1990.

River and was sporadic in the lower river. Green sunfish (Lepomis cyanellus) was widely

distributed, but was more abundant in the upper mainstem and in the Blue River. Many
bluegill {Lepomis macwchirus) were mostly concentrated in the upper river.

Common white sucker {Catostomus commersoni) were most abundant in the upper

mainstem and in Blue River, Sugar Creek, and Beargrass Creek and uncommon in the

lower 100 km of mainstem. The northern hog sucker {Hypentelium nigricans) was widely

distributed. The spotted sucker (Minytrema melanops) was found in good numbers only

in the pool above Logansport dam.

Golden redhorse {Moxostoma erythrurum), although not abundant, was the most com-

mon moxostomid. It was absent between Rkm 90 and Rkm 130 as well as from all trib-

utaries including Blue River. Black redhorse (Moxostoma breviceps) was mostly restricted
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Table 4. Habitat quality scores for each mainstem collecting site.

Collecting Sites

Parameter 2B 3B 4B 5B 6B 1 2 3 4 5 6 7 8 11

substrate/cover 20 19 18 18 19 11 12 18 8 16 17 14 6 2

embeddedness 8 8 8 8 1 8 5 8 8 8 8 8 8 2

water velocity 19 20 19 19 20 8 14 9 8 16 11 8 8 3

channel alteration 12 7 14 14 14 12 14 14 12 12 7 5 14 14

scouring/deposition 14 13 14 14 14 14 14 14 14 13 13 14 14 14

pool/riffle ratio 13 12 11 12 10 6 6 5 4 8 7 9 3 2

bank stability 9 5 7 6 7 6 7 5 3 4 5 6 7 9

bank vegetation 9 4 7 4 6 7 7 6 4 4 3 7 7 9

bank cover 7 4 6 4 4 5 4 4 5 6 4 4 4 4

Total Score 120 92 104 99 110 77 83 83 66 87 75 75 71 59

to the lower 30 miles of river. A rare species throughout its range, a healthy population

of greater redhorse {Moxostoma valenciennesi) thrives in the Eel River system. It was

particularly abundant in the lower 32 km of river, but was also found in Paw Paw and

Squirrel Creeks.

The seining catches best indicate the distribution of minnows and darters. Bluntnose

minnow {Pimephales notatus) was most common throughout the mainstem and tributaries.

Common shiner (Notropis cornutus) was widely distributed also, and readily taken by

electrofishing. Spotfin shiner {Notropis spilopterus) and sand shiner {Notropis stramineus)

mostly occurred in the lower 80 km of mainstem. Creek chub {Semotilus atromaculatus)

was common only in tributaries. Redfin shiner {Notropis umbratilus) and rosyface shiner

{Notropis rubellus) were most common in the lower river, but also occurred in Sugar and

Twelve Mile Creeks. River chub {Nocomis micropogon) were mostly found in the lower

105 km of mainstem. A few bigeye chub {Hybopsis amblops) were also found here.

Among the darters, only the johnny darter {Etheostoma nigrum) was common and

widespread. Blackside darter {Percina maculata), greenside darter {Etheostoma blennioides).

and eastern sand darter {Ammocrypta pellucida) were found only in the lower river. Dusky

darter {Percina sciera) was taken only from Rkm 142 and Beargrass Creek. Fantail darter

{Etheostoma flabellare) was found only at Rkm 102.

Mottled sculpin {Cottus bairdi) was taken only between South Whitley and North

Manchester.

Important community index values are summarized in Table 3. Mean IBI values calcu-

lated for stations 2B, 3B, and 3 from the collections of Braun, Robertson, and Stefanavage

(1984, 1986) were, respectively, 39.6, 42.0, and 43.6 in 1984 and 43.2. 41.2. and 42.9

in 1985.

The IBI and Iwb profiles for the mainstem are shown in Figure 2. The modified Iwb

excludes four pollution tolerant species prior to calculation (carp, bluntnose minnow, creek

chub, and green sunfish). All three profiles indicate somewhat depressed fish communi-

ties in the lower river, probably because of the ponding effect of the Logansport dam. fol-

lowed by relatively good communities from Rkm 13 to Rkm 40. From Rkm 48 to Rkm
129, there was much spatial variation, although communities were generally depressed,

especially at Rkm 113.
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Table 5. Habitat quality scores for tributaries of Eel River.

Blue River

Parameter 12 Mile Paw Paw Squirrel Upper Lower Sugar

substrate/cover 18 19 19 6 16 8

embeddedness 20 8 17 3 5 16

water velocity 15 8 19 14 10 9

channel alteration 14 14 14 14 14 14

scouring/deposition 14 14 14 14 14 14

pool/riffle ratio 9 8 11 5 4 3

bank stability 6 3 4 9 6 5

bank vegetation 7 3 3 9 6 5

bank cover 6 4 6 6 5 6

Total Score 109 81 107 80 80 80

The 1990 IBI profile is repeated in Figure 3 and compared to IBI profiles based upon

Taylor's 1972 collections and the 1982 series (Braun and Robertson, 1982). The fish

communities were clearly much better in 1990 than in 1982, however both indicate that

better communities exist in the lower river. There was less difference between the upper

and lower mainstem in 1972, but just as much spatial variation.

Habitat evaluation. Low HEP scores ranging only from 59 to 75 characterized the

river upstream from South Whitley. Scores between South Whitley and Squirrel Creek

ranged from 66 to 87, while those of the lower stations ranged from 92 to 120.

HEP scores of tributaries were usually higher than the mainstem reaches into which

they flowed with the exception of Paw Paw Creek which was somewhat lower. The

embeddedness component was very low for all mainstem and most tributary stations, i.e.,

fine sediments surrounded and often covered rubble and coarse gravel. At Roann, flat

boulders were covered by a two cm layer of mud following a period of receding high water.

Turbidity and land use. In some streams, lateral erosion is a problem. However,

scoured banks were common only in the upper 50 km of the Eel River, where trees and

bushes had been stripped along both banks of the channelized river and piles of woody

debris remained to be burned.

Synoptic turbidity determination on July 16 and 17, 1990 followed scattered show-

ers of the previous week. Tributaries with high turbidity included Squirrel Creek (25 neph-

elometric turbidity units or NTU), Otter Creek (24 NTU), Simonton Creek (28 NTU),

Hurricane Creek (37 NTU), Blue River (31 NTU), Solon Ditch (28 NTU), and Johnson

Ditch (60 NTU). The Simonton watershed included a bridge under construction at the

time, but animals were also pastured in the stream and some corn fields extended up to

the stream banks.

Turbidity in the upper mainstem was high (45-60 NTU) mainly because of the pres-

ence of Johnson Ditch. Water cleared to about 15 NTU after passing through the main-

steam gravel pits (Rkm 135) and then became more turbid downstream (30 - 45 NTU).

There was an inverse relationship between the percentage of woodland in tributary

watersheds and turbidity. Turbidity ranged from 12 to 31 NTU in tributaries 7% to 11%
woodland and 5 to 20 NTU in those with more than 11% woodland. Estimated wood-

lands ranged from 40.9% in the Weesaw Creek watershed to only 7.0% in Beargrass Creek.
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Figure 4. Changes in frequency of occurrence for some species collected by seining

between 1941 and 1990.

Agricultural development was greater in the upper watershed than the lower and on the

south side of the mainstem than on the north.

DISCUSSION

The fish communities of the Eel River in 1 990 were fairly diverse, but the upper reaches

had depressed populations and reduced numbers of species. Many species of juvenile

fish were caught, with larger numbers in the lower river and in Twelve Mile Creek, an in-

dication that reproduction for many species was successful in recent years.

The authors found some species not recorded by Braun and Robertson (1982): river

chub, bigeye chub, silver shiner, spotfin shiner, rosyface shiner, redfin shiner, blackside

darter, and johnny darter. Species common in 1972, but found only sparingly or not at

all in 1990, included mottled sculpin, blacknose dace, madtom, suckermouth minnow,

largemouth bass, and carp.

The 1990 seining effort included 12 mainstem sites and 6 tributaries compared to

only 5 mainstem and 4 tributary sites visited by Gerking (1945). A comparison of fre-

quency of occurrence for these two periods illuminates the drastic reductions which have

occurred over the past 5 decades in some species populations. Rock bass, johnny darter,

and sand darter are distributed much as they were 50 years ago. Many other species, how-

ever, have suffered marked declines including silver shiner, greenside darter, smallmouth

bass, longear sunfish, and mottled sculpin. Stonecat, rainbow darter, orangethroat darter.

and bluebreast darter may now be totally absent from the Eel River.

These declines in fish appear to parallel those experienced by clams. Henschen ( 1
c)88

)
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concluded that clams were once found throughout the Eel River but now are mostly con-

fined to the lower river in Cass and Miami Counties.

Temporal changes are also indicated by the IBI index. Mean IBI values for main-

stem stations declined from 40.7 in 1972 to 36.9 in 1982 and then increased to 43.1 in

1990. Even with this latest improvement, however, the Eel River IBI values are sub-

stantially lower than those for better quality streams such as Sugar Creek, where mainstem

IBI values range from 47 to 50 (Gammon, et al., 1991).

During the past decade the mean IBI values offish communities in Big Raccoon Creek

increased from 36.5 in 1981 to 50.5 in 1988. The initial low values from 1981 to 1984

probably were the result of poor reproduction and survival during summers characterized

by unusually high discharge in 1979, 1981, and 1982. Darters, sunfish, and bass were

almost absent during those years, but they all increased significantly by the end of the

decade. The unusually high 1988 IBI value was associated with extremely low flows dur-

ing a prolonged drought. Fish were undoubtedly concentrated and, therefore, much more

vulnerable to capture than normal.

Unlike Big Raccoon Creek, the Eel River system has few high quality tributaries which

might serve as refugia for sensitive species during unfavorable years and/or a species pre-

serve for recolonization during favorable years. Twelve Mile Creek is a possible exception.

In addition, the dam at Logansport severely hinders entry from the Wabash River. Never-

theless, spotted bass {Micropterus punctulatus) has somehow managed to become established.

The problems of upper Eel River are obvious and the result of long-term channel-

ization. Here are found a disturbed channel, high turbidity and sedimentation rates, a lack

of shading from riparian trees, and poor riffle-pool development. Fine sediments smother

the bottom after every rainstorm.

The lower 48 km has fairly good riparian protection and instream habitat. Beds of

water willow extend up to Rkm 64. Tributaries generally had better habitat than the main-

stem. Twelve Mile Creek, with 26.5% of its watershed in forest, was best followed by

Squirrel Creek. The Blue River is about the same size as the Eel River, where the two

streams converge, but is very turbid.

Fish kills reported to the Indiana Department of Environmental Management (IDEM)

since 1969 included five incidents on Paw Paw Creek and single kills on Twelve Mile,

Pony, Beargrass, and Clear Creeks. The specific causal agents are unknown but may include

application of animal wastes to fields, accidental drainage of waste lagoons, accidental

spills, or farm chemicals, etc. Also reported were 39 spills which did not result in fish

kills but which may have exerted sublethal damage. Most of these involved fertilizer and

animal wastes from chicken, turkey, veal, and swine rearing operations. All fish kills and

most spills originated from agricultural operations.

The Eel River may have benefitted from improved waste treatment by communities

within its watershed which reduced BOD concentrations by at least 50% in recent years.

Some previously unsewered communities now have a central treatment system. It is likely

that any changes in these point-sources of pollution are masked by the magnitude of non-

point-source pollution (NPS).

Unlike point-source pollution, NPS is most severe during periods of high rainfall and

high river discharge. Conversely, NPS is reduced during periods of drought and dry weather.

From the perspective of fish populations, the most serious negative effects probably oc-

cur during the reproductive period in late spring and early summer.

Based on studies from 1974 through 1980, it is estimated that the mean annual sus-

pended sediment yield for the Eel River watershed was 178 tons/mi 2 and the flow-
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weighted mean annual suspended sediment concentration was 89 mg/1 (median = 53 mg/1)

(U.S. Geological Survey, 1975-1981; Crawford and Mansue, 1988). These are high rates

for this northern moraine/lake portion of Indiana which generally has low rates of sedi-

ment yield.

Using monthly USGS data from May through August for the period 1 974-80, the au-

thors determined the following relationship: suspended solids (mg/1 ) = 0.53 1 +0.181 cfs

(r = 0.738). The suspended solids (SS) loads of summer months for the past decade were

then estimated. SS concentrations were highest during May and June. "Wet" summers

with relatively high SS loads occurred in 1974, 1975, 1980, 1981, 1982, and 1986. "Dry"

summers with low SS loads and relatively clear water occurred during 1 976 through 1 979.

1983 through 1985, and 1987 and 1988. Therefore, the dismal fish communities of 1982

were probably the product of unusually heavy NPS during many preceeding years, while

the improved fish communities found in 1990 resulted from several preceeding years of

reduced NPS. However, the improvement in the fish communities of Eel River was less

than might have been expected compared to the improvement shown by Big Raccoon

Creek communities.

The 1990 fish communities may be as "good" as the Eel River is capable of sup-

porting considering present land use. The prognosis for improvement in the future is bleak

unless positive changes in land use occur.
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CONODONTS FROM COAL BALLS IN THE SPRINGFIELD
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(DESMOINESIAN, PENNSYLVANIAN) IN SOUTHERN INDIANA
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ABSTRACT: A well-preserved and moderately diverse conodont faunule was recovered from five

coal balls in the Springfield Coal Member of the Petersburg Formation from Peabody Coal Com-
pany's Eby Pit, Lynnville Mine, in Warrick County, Indiana. The presence ofNeognathodus roundyi

and the other species recorded in this study is compatible with the middle Desmoinesian age of the

Springfield. Idioprioniodus conjunctus is the most ecologically diagnostic of the conodonts and

suggests organic-rich, quiet water with a low pH, which in turn suggests that the conodonts lived

in a salt-water marsh bordered on one side by coal swamps and on another by near-normal marine

waters. Apparently coal balls had multiple origins, and the origin of the conodont-bearing ones is

uncertain.

INTRODUCTION

Because marine fossils are commonly associated with plant fossils in some coal balls,

it is not surprising that conodonts have been reported from them. A half-dozen well-pre-

served conodonts from Pennsylvanian coal balls from three different States were figured

by Mamay and Yochelson (1962), but no other conodonts were figured; therefore, the

overall conodont content in coal balls is unknown.

To better understand the distribution of conodonts and their paleoecologic impor-

tance in coal balls, samples were processed from coal balls of the middle Desmoinesian

Springfield Coal Member of the Petersburg Formation from the Eby Pit of Peabody Coal

Company's Lynnville Mine (SW'/4 , SWA, NE'A, Sec. 2, T5S, R8W), Warrick County.

southern Indiana (Figure 1 ). The presence of diverse, well-preserved, and relatively abun-

dant conodonts (about 350 identifiable conodonts per kilogram) indicates the value of ad-

ditional study of the conodont content of coal balls, particularly in terms of analysis of

the environment of deposition of the coal balls.

GEOLOGIC SETTING

Friedman (1956, 1960) interpreted the Springfield coal as a deltaic deposit mostly on

the basis of linear sand bodies, the first of which was recognized by Cady (1919). Hop-

kins (1968) mapped this channel in detail and determined that it was partly contempora-

neous with the Springfield coal because in places the coal is split by sediment derived

from the channel. In 1979, Hopkins, et al. named the deposit the Galatia Channel. The

marine roof normally found above the Springfield rises and pinches out above this clas-

tic wedge that thickens toward the channel. Subsequently, Wanless. et al (1969. 1970)

mapped a system of distributary channels, apparently interconnected; they also held the

view that the Springfield is a model deltaic coal, a model reaffirmed by Eggert, et al

(1983).
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CHANNELS
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Figure 1 . Map showing the location of the Eby Pit, the extent of the Springfield Coal

Member in southwestern Indiana and part of western Kentucky, and the channels that af-

fect Springfield coal (slightly modified from Eggert, et al., 1983).

Eggert (1982) found that sediment from the Leslie Cemetery Channel (Figure 1) in

Warrick and Gibson Counties, Indiana, (the Folsomville Member of the Petersburg For-

mation) split the coal into two seams separated by elastics as much as 40 feet thick. When
the channel was abandoned and overbank deposition ceased, peat-forming plants began

re-colonizing the former channel area so that a thinner upper seam of coal rides up over

the Folsomville. This was true of the Eby Pit, and there the coal balls were limited to the

upper part of the relatively thin upper split. The upper split from which the coal balls

were collected was overlain in the Eby Pit by black, organic-rich, pyritiferous shales of
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Figure 2. 1 -7, 9. Neognathodus roundyi Pa elements: 1, 2; 17.876 and 17.877. 3.metan-

odous morphology: 17,878. 4,9. dilatus morphology: 17,879 and 17,880. 5.6.7: 17.881-

17,883. 8. Neognathodus medadultimus Pa element: 17,884. 10-16. Idiognathodus

claviformis Pa elements: 17,885-17,891, respectively. All figures are x 40: the five-digit

numbers are repository numbers.
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Figure 3. 1, 2. Adetognathus sp.: 1, Sa element, 17,903; 2, M element, 17,904. 3-13.

Ramiform elements of Neognathodus and Idiognathodus undifferentiated: 3, 4, Sa ele-

ments, 17,892 and 17,893; 5, 6, Sc elements, 17,894 and 17,895; 7, 11, M elements, 17,896

and 17,897; 8, Sb element, 17,898; 9, 10, 12, 13, Pb elements, 17,899-17,902. 14-17, 19.

Hindeodusminutus: 14, Sa element, 17,903; 15, 16, Pb elements, 17,904 and 17,905; 17,

19, Pa elements, 17,906 and 17,907. 18. Aethotaxis?: Sb element, 17,908. All figures

are x 40; the five-digit numbers are repository numbers.
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marine or marginal marine origin.

Both the thickness of the coal and its sulfur content are closely related to channel po-

sition. Sulfur content in Indiana ranges from about 0.5 to 7.5% and is lowest beneath the

thick non-marine sediments derived from the distributary channels. Thus, the lower bench

in the Eby Pit was a low-sulfur coal beneath the Folsomville, but the upper seam from

which the coal ball samples came was a high-sulfur coal. In general, the Springfield is

thickest adjacent to the channels, and this was true in the Eby Pit.

THE CONODONT FAUNULE

Preservation of conodonts in the coal balls is variable but is generally good. The con-

odonts recovered are dominated by Idiognathodus claviformis (Figure 2), which retains

some morphologic features of ancestral /. incurvus. Neognathodus roundyi (Figure 2).

Hindeodus minutus (Figure 3), and Idioprioniodus conjunctus (Figure 4) are common.

Two ramiform elements referred to Adetognathus {Cavusgnathus of some authors; Fig-

ure 3) were recovered as were six specimens of unassigned Ligonodina-hke Sc elements,

a single Pa element of Neognathodus medadultimus (Figure 2), and an Aethotaxis-Mke Sb

element (Figure 3). Included in N. roundyi are specimens approaching a dilatus mor-

phology and rarely even a metanodosus morphology.

The presence of Neognathodus roundyi, Idiognathodus claviformis, and the longer-

ranging species is compatible with the middle Desmoinesian age of the Springfield Coal

Member, although the dilatus and metanodosus morphologies suggest an age slightly younger

than the common correlation, whereas N. medadultimus and the /. incurvus morphology

suggest a slightly older correlation.

The distribution of conodonts within the sampled coal balls is shown in Table 1. All

specimens are reposited in the Indiana Geological Survey-Indiana University repository.

With the exception of sample 1, the proportions of species and the quality of preser-

vation are generally similar among the samples. Having the fewest conodonts per kilo-

gram, sample 1 was unusual for the excellent preservation of very delicate features, particularly

of the bars and denticles of the hindeodelloid S elements. Also, although the overall pro-

portion of Neognathodus in the coal balls is much higher than one would expect from its

rarity in the overlying Alum Cave Limestone Member of the Dugger Formation, the pro-

portion of Neognathodus Pa elements to those of Idiognathodus was strikingly high in

sample 1. Sample 1 also contained the highest proportion of ramiform elements of Neog-

nathodus and Idiognathodus, which in conjunction with the excellent preservation, sug-

gests that at least some of the conodonts may have been carried into the coal ball area

within conodont carcasses. One would not necessarily expect full representation of the

conodont elements in transport of carcasses, however, because their position within the

animal appears to have varied sufficiently that different elements might have been re-

leased at different times, as suggested by Mark Kleffner (pers. comm.. 1991).

PALEOECOLOGY

Conodonts of the Idiognathodus/Streptognathodus plexus are found in nearly all ma-

rine environments except in the most restricted Cavusgnathus biofacies (Merrill and von

Bitter, 1984). Hindeodus similarly has a wide tolerance, although it seems to be more

abundant in the Aethotaxis biofacies, which is not represented in this faunule. and to be

less abundant in association with Idioprioniodus. Idioprioniodus is commonly interpreted
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Figure 4. 1-14. ldioprioniodus conjunctus; 1, Ml element, 17,909; 2, M2 element,

17,910; 3, Sc3 element, 17,91 1; 4, Sb2 element, 17,912; 5, Sbl element, 17,913; 6, Sb3

element, 17,914; 7, Scl element, 17,915; 8, Sc2 element, 17,9 16; 9, 10, Sa elements, 17,917

and 17,918; 11, 12, Pa? elements, 17,919 and 17,920; 13, 14, Pb? elements, 17,921 and

17,922. All figures are x 40; the five-digit numbers are repository numbers.
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Table 1. Distribution of conodonts in coal ball samples.

Sample

Weight (kg)

1

1

2

1

3

.42

4

.8

5

.36

Idiognathodus claviformis

Pa 16 323 72 131 20

Neognathodus roundyi

Pa 9 52 6 9 2

N. medadultimus

Pa 1

Idiognathodus/Neognathodus

Pb 4 60 3 12 4

M 6 5 2 1

Sa 1 4 1

Sb/Sc 38 57 34 58 5

Hindeodus minutus

Pa 3 3 5 2

Pb 4 2 2

M 2 2 1 1

Sa 1 2

Sb 1 1 1

Sc 1

Idioprioniodus conjunctus

Pa? 2 8 1 4

Pb? 1 2

Ml 4

M2 6 1

Sa 9 2 2

Sbl 3 2 1 1

Sb2 1 4 1

Sb3 1 1

Scl 5 1

Sc2 10 1

Sc3 4

undifferentiated 5 23 6 9 4

Adetognathus

M 2

Sa 1

Aethotaxis?

Sb 1

Ligonodina-Wkt Sc elements 1 3 1 1

Totals 84 592 141 244 44
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as preferring an organic-rich, quiet-water environment having a low pH, which is com-

monly represented in the geologic record by dark shales (e.g., Merrill, 1973; Merrill and

von Bitter, 1976, 1984). The ecologic requirements of Neognathodus are less certain as

it seems to have tolerated diverse environments, but it is commonly associated with or-

ganic-rich deposits, including organic-rich shales, which suggests a marshy environment

for some occurrences.

Variations in Idioprioniodus conjunctus strongly support the concept that the genus

is dimorphic (Merrill and Merrill, 1974), but the variations in the Sb, Sc, and M elements

differ from the suggested normal dimorphs. This may well be ecophenotypic, but it does

not provide any additional information for interpreting the environment of deposition.

Eggert, etal. (1983) summarized the plant associations in the Eby Pit. The peat com-

position in the coal balls is generally 65 to 75% aerial plant material, consisting of stems,

bark, leaves, and reproductive structures. Medullosa (a seed fern) and lycopods such as

Lepidodendron hickii and Sigillaria are most abundant within the coal balls. The asso-

ciated coal is characterized by the overwhelming dominance of Lycospora, a spore pro-

duced by lycopods that grew in standing water. These kinds of trees are generally rare in

midcontinent coal swamps. The second most abundant taxon is Laevigatosporites min-

utus, a spore derived from a tree fern that also apparently favored wet habitats. Thymo-

spora pseudothiessenii, a spore believed to have been produced by a tree fern favoring

drier habitats, was far less abundant at the Eby Pit than at other Springfield coal localities.

On the basis of this evidence, I suggest that the majority of the conodonts found in

the coal balls came from animals that lived in a nearby mud-trapping, salt-water marsh

of near-normal salinity not subject to major fluctuations in salinity. Away from the ad-

jacent area of coal accumulation, this marsh opened onto a shallow sea of near-normal

salinity. Thus, distance of transport into the coal swamp need not have been great.

This picture fits well with the one proposed by Perkins (1976) for the environment

of coal ball deposition. He suggested that within a coastal marsh, perhaps similar to the

southwest Florida mangroves, varied energy conditions ranging from low energy, through

tidal or seasonal influxes, to very high energy storms may have been a factor in the ac-

cumulation of organic material in the coal balls. In addition to corals, brachiopods, bry-

ozoans, and molluscs, Perkins found fusulinids, sponge spicules, ostracodes, and crinoid

columnals in the coal ball fauna he studied. Perhaps the mode of transport of some of the

latter group would be similar to that of discrete elements of the conodonts, but it would

be quite different from the transport of carcasses.

Mamay and Yochelson (1962) were the first to detail marine animal content of coal

balls. They suggested that the coal balls are at least partly of clastic origin and that those

containing marine animals were formed when mud rollers or mud slurries containing their

remains were brought into the coal swamp during unusual temporary marine inundations,

probably catastrophic, as might be caused by violent storms or tidal waves. Both Mamay
and Yochelson's (1962) and Perkins' (1976) papers emphasized the variety of coal balls,

which suggests multiple-originating causes with variety in the energy levels as suggested

by Perkins. A middle range in energy levels should be sufficient for inclusion of con-

odonts in coal balls.
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ABSTRACT: The secondary structure of the 33 kDa manganese-stabilizing protein (MSP) asso-

ciated with the oxygen-evolving complex of the cyanobacterium Synechococcus sp. PCC 7942 was

predicted using information from a family of homologous amino acid sequences and applying var-

ious algorithms to: 1) determine the similarity between substituted residues in a particular posi-

tion; 2) predict the propensity of various neighboring residues to contribute to a specific secondary

structure configuration; 3) analyze hydropathy, chain flexibility, potential antigenic determinants

and; 4) identify a region that may serve to bind this polypeptide to the photosystem II core com-

plex. Nine functionally important regions (FIRs) were identified, one of which exhibited a high

degree of flexibility as well as partial sequence similarity to the manganese-binding site of the bac-

terial superoxide dismutase. The nucleotides encoding two aspartic acid residues in this region

have been identified as possible ligands for manganese.

INTRODUCTION

Although experimental evidence indicates that the native conformation of a protein

is encoded in its amino acid sequence, it is not possible at this time to predict the tertiary

structure of a protein or its function based on knowledge of primary structure alone. Most

of what is known concerning the details of folding to produce protein structure has been

obtained from X-ray diffraction patterns of protein crystals. Unfortunately, crystallographic

analysis is a lengthy process that currently lags behind the accumulation of protein se-

quence data. The amino acid sequence of a protein, however, may serve as a framework

for predicting secondary structure and constructing profiles of properties such as hydropathy,

segmental flexibility, bulkiness, and accessibility. A protein profile developed from com-

parisons of sequences of homologous polypeptides from divergent organisms may per-

mit the identification of potentially important domains or residues to aid in the rational

design of site-directed mutagenesis experiments which probe the function of a polypep-

tide or of a specific region of a polypeptide.

In the present investigation, a systematic study of the secondary structure of a pho-

tosynthesis polypeptide, the 33 kDa manganese-stabilizing protein (MSP) from the

cyanobacterium Synechococcus sp. PCC 7942 (also known as Anacystis nidulans R2).

was undertaken to characterize important features of the polypeptide and to identify prob-

able functionally important regions as targets for mutagenesis. The study used various

computer algorithms to analyze features of secondary structure of the polypeptide and to

compare three known MSP amino acid sequences for the extent of sequence conserva-

tion within specific regions. Finally, a homology search was performed to compare func-
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tionally important regions identified within the MSP with amino acid sequences of other

manganese-binding polypeptides.

The MSP is one of several polypeptides of the oxygen evolving complex which are

intimately associated with the photolysis of water to molecular oxygen. Other compo-

nents required for water-oxidizing catalytic activity include a polynuclear manganese com-

plex (2/4 Mn/complex), 2-3 Ca2+ (Cammarata and Cheniae, 1 987; Ikeuchi and Inoue, 1 986;

Yasuhiro, et al, 1986), CI" (Homann, 1987), and a number of intrinsic photosystem II

(PSII) polypeptides (43 kDa, 47 kDa, D 2 , D,, cytochrome b559) (Bertold, etal, 198 1 ; Camm,
et al, 1987; Cammarata and Cheniae, 1987; Ohno, et al, 1986). It has been suggested

that while the presence or absence of the MSP may not be the primary determinant of

residual water-splitting activity, it may nonetheless be responsible for maintaining the

necessary conformation of the Mn-cluster required for efficient oxygen evolution

(Hunziker, et al, 1987; Kuwabara and Murata, 1982; Kuwabara, et al, 1985; Miyao and

Murata, 1984).

The use of the secondary structure analyses to design site-directed mutagenesis ex-

periments targeting functionally important regions within the MSP may clarify some of

the following: the role of specific amino acids in the polypeptide function; the identifi-

cation of residues binding the MSP to the photosystem II (PSII) complex; whether the

MSP serves as a dismutase to scavenge free radicals produced during the photolysis process;

and whether or not Mn is bound to specific amino acids of the MSP for stabilizing the

Mn-cluster in the proper conformation necessary for the efficient oxidation of water

(Kuwabara, et al, 1985; Oh-oka, et al, 1986).

The cyanobacterium, Synechococcus sp. PCC 7942, was used for the study of the

MSP in this investigation for several reasons: 1) the amino acid sequence of the MSP
has been determined, and the gene (psbO) has been cloned in this well-studied

cyanobacterium (Kuwabara, et al, 1987); 2) although Synechococcus sp. PCC 7942

is a prokaryotic organism, it is capable of performing oxygenic photosynthesis in a

manner similar to higher plants and may serve as a general model system of oxygen

evolution in plants; 3) the cyanobacterium is transformable to facilitate future muta-

genesis experiments; 4) thylakoid preparations from cyanobacteria have a looser

structure than preparations from plant chloroplasts (Pistorius, 1983) which may sug-

gest a different means of sequestering Mn required for oxygen evolution; and 5) in

future experiments, the oxygen-evolving capacity of specifically constructed mutants

could be compared to mutants being produced in other well-studied organisms in-

cluding the photoautotrophic cyanobacterium, Synechocystis sp. PCC 6803, which ap-

pears to be able to evolve oxygen at low levels in the absence of the MSP (Burnap

and Sherman, 1991).

The analysis of the secondary structure of the MSP was performed by comparing the

three amino acid sequences from Synechococcus sp. PCC 7942 (Kuwabara, et al, 1985),

pea (Watanabe, etal, 1987), and spinach (Herman, etal, 1987; Oh-oka, et al, 1986) and

applying two algorithms: one to evaluate the similarity of physiochemical properties of

substituted amino acids between the species (Zvelebil, et al, 1987) and a second to cal-

culate the propensity of a particular region to assume a specific secondary structure (Williams,

et al, 1987). This information was used to identify nine conserved, functionally impor-

tant domains (FIRs) for subsequent mutagenesis experiments. Because of their conser-

vation and specific secondary structure features, these FIRs are believed to include

residues that are either responsible for maintaining important structural features or are di-

rectly involved in catalysis and/or in ligand binding.
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Additional information was needed to identify possible ligand binding sites which

are expected to be on surface exposed flexible regions of the polypeptide. Crawford,

et al. (1987) have found good correlation between predicted loop segments, minimal

hydropathy, and maximal flexibility. Thus, algorithms were used to prepare a profile of

average hydropathy (Kyte and Doolittle, 1982) and chain flexibility values (Karplus and

Schultz, 1985). A surface profile of the MSP from Synechococcus sp. PCC 7942 was

generated following the procedure of Karplus and Schultz ( 1 985) and Parker, et al. ( 1 986),

which are based on a composite of algorithms assessing hydrophilicity, accessibility, and

flexibility parameters. The composite profile was plotted and probable antigenic sites

were identified.

In order to identify a potential Mn binding region, the amino acid sequences of our

FIRs were compared with sequences known to bind Mn within other proteins. Amino

acids in region 249-256 within a predicted FIR were identified as a probable ligand bind-

ing region. Partial sequence homology of this region with Escherichia coli superoxide

dismutase led to the identification of two aspartic acid residues (25 1 and 253) which might

be Mn-binding ligands.

Finally, a region of the polypeptide that might serve to anchor the MSP to the pho-

tosystem II core complex was identified using the membrane preference parameters of

Argos, et al. (1982) with a modified window. The window was shortened since the MSP
is not a transmembrane protein but potential membrane anchoring sites might be local-

ized within shorter regions of hydrophobicity.

MATERIALS AND METHODS

Computer analyses. The IBI/Pustell DNA and Protein Sequence Analysis System,

obtained from International Biotechnologies Incorporated, was used in the analysis of the

nucleic acid and amino acid sequences of the MSP. Quattro, the professional spreadsheet

manufactured by Borland International, was employed to perform the necessary mathe-

matical operations dictated by the various algorithms to generate the secondary structure

and physiochemical profiles of the MSP.

Secondary Structure Prediction. Homologous sequences of the 33 kDa polypep-

tide from pea and spinach were aligned with that of the polypeptide from Synechococcus

sp. PCC 7942 according to Kuwabara, et al. (1987). (Since this research was initiated

MSP sequences from additional organisms have become available). The degree of se-

quence conservation at each position along the chain was quantified and assigned a "con-

servation number," Q, following the procedures of Zvelebil, et al (1987) in which values

of Cj ranging from to 1 were computed based on ten chemical properties of the amino

acids at each position. Zvelebil, et al. (1987) characterized each amino acid by assign-

ing yes or no values for the following properties: hydrophobic, positive, negative, charged.

small, tiny, alipatic, aromatic, proline. The conservation number was calculated from the

equation Cj = 0.9 - 0. 1 x P, where P represents the total number of variant chemical prop-

erties of the amino acids at position i. A high conservation number is yielded when chem-

ically similar types of amino acids occur at a position, and a low number results when

there is high variability between substituted residues, or if there is an insertion.

After Cj was calculated for each position, a "smoothed conservation number." CS,.

was figured by averaging Q over three residues (i - 1, i. i + 1 ). The CS, was then plotted

along the sequence, and the average conservation number over the entire sequence (Cav)

was determined.
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The single residue method of Williams, et al. (1987) was used to predict the sec-

ondary structure of the MSP from Synechococcus sp. PCC 7942. According to the method

of Williams, et al. (1987), each amino acid in the MSP from the cyanobacterium was as-

signed a propensity (P) value for forming an alpha helix, beta sheet, or a turn. The con-

formational state profiles were then smoothed by averaging over run constants of 6, 5,

and 2 for helix, strand, and turn, respectively. Residues were predicted to be in a partic-

ular secondary structure if their average preference exceeded the decision constant (DC)

for that structure. According to the procedures of Williams, et al. (1987), decision con-

stants of 0.99, 0.95, and 1.19 were used for helix, strand, and turn, respectively. In cases

of overlap, where the average preference of more than one conformational state exceeded

their respective DCs, priority was given to that propensity farthest above its DC. Regions

not predicted as either helix, strand, or turn were classified in the random coil confor-

mation having average PH , Ps, and PT values less than their respective DCs.

According Zvelebil, et al. (1987), an additional 9% improvement in the prediction

of secondary structure is afforded if the extent of sequence conservation at each residue

is taken into consideration. This was accomplished by calculating (CSj - Cav ) x A. The

constant A is included to heighten differences in conservation. Optimal values, accord-

ing to Zvelebil, et al. (1987), were found to be A = 150 for C av < 0.55 and A = 250 for

Cav > 0.55. In the present investigation, the optimal value for A was found to be 0.25.

This value was then added to the Williams, et al. (1987) conformational state profiles for

helix, strand, and turn, prior to assigning residues to a particular secondary structure.

Profiles of average hydropathy and chain flexibility values were also determined. The

hydropathy scale of Kyte and Doolittle (1982), which uses a sliding window of seven

residues and assigns the value to the fourth residue, was used to generate the hydropathy

profile. The profile of chain flexibility was produced using the algorithm of Karplus and

Schultz (1985) based on crystallographic temperature factors. The weighted average of

a window of seven residues was computed and again was assigned to the fourth residue.

Predicting Functionally Important Residues (FIRs). The conservation plot and

the predicted secondary structure were used to identify FIRs of the MSP. Again, the al-

gorithm developed by Zvelebil, et al. (1987) was used, whereby an active region was pre-

dicted if: 1) within a 5 residue segment, n or more residues were invariant, where n = 4,

if C av > 0.5, and n = 3, if Cav < 0.5; and 2) in a predicted loop region there was a con-

served residue at position i (Q = 1 .0) and the CSj > 1 .5 x C av and CSj > 0.7. The first part

of the algorithm attempts to quantify the extent of sequence invariance (n) in relation to

the background of overall similarity between aligned sequences, while the second part is

founded on the principle that invariant residues in loop regions tend to be more indica-

tive of an FIR than invariant residues within the secondary structure core.

Evaluation of Membrane Preference. In order to obtain information regarding the

anchoring of the MSP to the PSII core complex, the membrane preference parameters of

Argos, et al. (1982) were applied using the function M5 (window of 5) to localize poten-

tial membrane anchoring sites comprised of shorter regions of hydrophobicity. Possible

membrane anchoring regions were predicted when M 5 > 1 .0. Negative M 5 values were

regarded as markers for connecting loops or solvent exposed portions of the protein molecule.

Composite Surface Profile for Predicting Antigenicity. A surface profile of the

MSP from the cyanobacterium was generated following the procedure of Parker, et al.

(1986), which is based on a composite of algorithms assessing hydrophilicity, accessi-

bility, and flexibility parameters. Hydrophilicity (Parker, et al, 1986) and accessibility

(Janin, 1979) profiles were determined by summing the parameters for each residue in a
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seven residue segment and assigning the sum to the fourth residue. The previously de-

scribed algorithm of Karplus and Schultz ( 1985) was used to determine the flexibility pro-

file. In each profile, surface sites were defined as any residues with a profile value greater

than 25% of the average value for that particular parameter. The three surface profile

plots were used to produce a composite profile. The surface sites for each profile were

scaled from to 100 such that the maximum surface site value in each plot was set equal

to 100 and the 25% surface site value was equal to 0. The plots were then superimposed,

and the maximum value of each residue was used to give the composite profile value.

Composite profiles were plotted, and antigenic sites were identified as regions with sur-

face profiles greater than a value of 50%.

RESULTS

Computer comparisons of the nucleotide sequences of the psbO genes and amino acid

sequences of three MSPs indicated that there was a high degree of similarity between their

secondary structures. The analyses facilitated the construction of a conservation profile

of the polypeptide to identify regions of conserved sequences which are believed to be

functionally important. Other analyses revealed important regions of probable structure

or function including: membrane insertion or contact interfaces, surface exposed flexi-

ble regions, antigenic determinants, and residues which might serve as ligands for Mn.

In order to examine the degree of relatedness between MSPs from the cyanobacterium

and two higher plant species, the amino acid sequences of the MSPs from pea, spinach,

and Synechococcus sp. PCC 7942 were aligned as performed previously by Kuwabara.

et al. (1987). As was shown by these investigators, the MSPs from pea and spinach ex-

hibited significant amino acid sequence homology, with 84% of the 248 residues in the

mature protein being conserved between the two species of higher plants. When the MSP
sequence from the cyanobacterium was compared to that of either spinach or pea, the ho-

mology was significantly lower, with only 48% of the residues being conserved.

When similar chemical and physical properties of the amino acids occurring at each

position were taken into account and the extent of sequence conservation quantified ac-

cording to the method of Zvelebil, et al. ( 1 987), the secondary structures of the MSPs ap-

peared to be quite similar. The average conservation number over the entire sequence

was found to be 74%, significantly greater than the absolute amino acid conservation.

The increase in conservation observed using this method suggested that the majority of

amino acid substitutions occurred between residues that share the same physical and chem-

ical properties.

The secondary structures of the three MSPs were predicted using the methods of

Williams, et al. (1987) and Zvelebil, et al. (1987) and are represented in Figure I, which

depicts the propensities of residues to be found in helixes, beta sheets, or turns, respec-

tively. It is evident from the three plots that the MSPs follow the same general trends

with respect to their secondary structure propensities, particularly for beta strand and he-

lical propensities. The MSP may be classified according to the method of Levitt and Chothia

(1976, 1984) as an alpha/beta protein having mixed and alternating segments of a-helix

and B-sheet structures.

The conservation profile generated by comparisons of the three proteins is illustrated

in Figure 2 in which the degree of conservation is plotted against the amino acid align-

ment number. The secondary structure predicted for the MSP from Synechococcus sp.

PCC 7942 is indicated above the plot. Other comparisons of homologous proteins ofknown
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Table 1. Secondary structure prediction of the MSP sequences from Synechococcus sp.

PCC 7942, spinach, and pea. The algorithims of Williams, et al. (1987) and Zvelebiel,

et al. (1987) were applied to predict the secondary structures of the three 33 kDa MSP
proteins (H = alpha helix, S = beta strand, C = random coil, T = turn). A comparison of

the secondary structure composition of the three peptides is also given.

30 40 50 60 70

Synechoc. CC CSSSSSHH HTTTTTHHHHHHHHHHTTSSSSHTTHHHHHH
Spinach CC CCCHHHHHHHHSSSSSSTTTTCCCCCCS STTCCTSSHHTTT CCCHH

Pea CCCCHHHHHHHHHHSSSSSSTTTTCCCCCCC CTTCCTSSSSTTT CCCHH

Conserved CC HH TTT TSS TT HH

90 110 120

HHHHHHHHHHHHHHTTTCCHHHHHHTTS SSSSSSTSSS S STTHHHHHHTT

HHHHHHHHHHHHHTHHHTTTTTCCCCHHHHHHHSSSSTHHTTHHHHTTTT

HHHHHHHSSSSTSSSSSCCHHHHHHHHHHHHHSSSSSHHHTTHHHHHHTT

HHHHHHH S SS TTHHHH TT

130 140 150 160 70

SSSSSSTTTSSSSSSSSSSTTTHHHHHSSSSTSSSSSSTTTCCCCCCCCC
SSSSHHHTHHSSSSSSSSSTTTCCCSSSSSSSSSSS TTT

SSSSHHHTHHSSSSSSSSSSTTHHHSSSSSSSSSSS TTT

SSSS T SSSSSSSSS TT SSSS SSSS TT

TCC

TTC

C

220

190 200 210

CTTTSSSSSSSSTSSSTHHHTHHHTSSSTSSSSTTTT THHHHHHHHHHHS

CTTSSSSSSSTTTSSSTTTTTTTCTTCCCCHHHHTTTTTTHHHHHHHHHHHH

CTTSSSSSSSTTTSSSTTTTTTCCTTCTCHHHHHTTTTTTHHHHHHHTHHHH

CTT SSSSSS TSSST T T TTT THHHHHHH HHH

230 240 250 260 270

SSSSTSSSSSSSSSTTTTTSSTSSSSSHHTTCCCCTTHHHHHHSSSTSSTTSSHHHHH
SSSTTSSSSSSSSSTTTTTSSSSSSSSSSTTCCCCTCCCCCCCCCTSSSSSSHHHH

HTTTTSSSSSSSSSTTTTTSSSSSSSSSSTTCCCH HHHHHHHSSSSSSSSSHHHH

TSSSSSSSSSTTTTTSS SSSSS TTCCC SS S HHH

Overall Consensus = 55.6%
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COMPARISON OF SECONDARY STRUCTURE COMPOSITION

Protein Character Synechoc Spinach Pea

Residue limits 30-278 30-276 30-276

Total Amino Acids 249 248 248

% Alpha Helix 32.5 26.6 31.4

No. Helical Regions 12 12 13

Ave. Helix Length 6.8 5.5 5.9

% Beta Sheet 37.3 30.5 35.1

No. Sheet Regions 19 13 13

Ave. Sheet Length 4.8 5.9 6.7

% Turn 22.4 24.9 22.2

No. Turns 26 22 20

Ave. Turn Length 2.2 2.8 2.8

structure have shown that most insertions and deletions are accommodated in loop or turn

regions rather than in well defined secondary structures (Thorton, et al, 1988). This is

exemplified by the conservation plot of Figure 2 in which most of the minima can be seen

to coincide with loop regions between helical and strand regions (indicated above the plot).

However, the first prominent minimum in the plot occurring after residue 38 in the

cyanobacterial sequence represents an insertion of eight residues that occurs in both polypep-

tides from higher plant species of pea and spinach. The second prominent minimum that

occurs between residues 160-168 represents a deletion in the two higher plant sequences.

Using the algorithm of Zvelebil, et al. (1987), nine functionally important regions

(FIRs) were identified. These are represented above the conservation plot in Figure 2.

Seven of these nine FIRs appear to be located partially, if not entirely, within loop or turn

segments. This is not surprising as in most globular proteins where loops form more than

30% of the structure, loop regions tend to play a key role in recognition between mole-

cules and may often incorporate essential catalytic residues as well (Thorton, etal, 1988).

These nine FIRs which are located between residues 41-45, 71-76, 125-130, 135-156,

1 76- 1 9 1 , 1 99-203, 213-217, 236-244, and 247-255 are prime targets for site-directed mu-

tagenesis experiments which may provide insight into the structure and function of this

important protein.

The information contained in these figures is summarized in Table 1 . As expected

for evolutionary related proteins, the secondary structure homology is greater than that

of the primary structure. While the absolute overall consensus in secondary structure was

found to be only 55% (12% greater than the absolute amino acid homology), it is impor-

tant to note that the true borders between alpha helixes, beta strands, and loops may vary

somewhat from one sequence to another, since the predictions are based on average prop-

erties. The predicted number of helical and beta sheet segments indicate that in this re-

spect considerable homology exists. The number of helical regions are 12, 12, and 13,

and the number of beta sheet regions are 19, 13, and 13 for the cyanobacterium, spinach,

and pea, respectively. Particularly striking in all 3 proteins is the large number of pre-

dicted beta turns. The number and position of the turns are conserved for the most part

among the 3 different species. Like many of the other Mn- and Fe-binding superoxide

dismutases, the MSP is expected to be highly folded (Marres, et al, 1985).
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An analysis of the secondary structure of the cyanobacterial MSP was performed to

determine the conformational preferences for sheet, helix, and turn. The polypeptide was

found to be 32% alpha helical and 37% beta sheet. Twelve alpha helixes, 19 beta sheets,

and 26 turns were predicted in the cyanobacterial protein. Considerable helical potential

was found to exist in the amino terminal region, while several potential alpha/beta/alpha

units exist in the central portion of the protein.

Analyses of the average values of both hydropathy and chain flexibility for the cyanobac-

terial MSP were also performed. Using the profiles of hydropathy and chain flexibility

as complementary, reciprocal indicators of polypeptide segment position with respect to

the hydrophobic interior of the protein works well. Caution should be exercised when

predicting secondary structural elements in this manner, however. Minimal hydropathy

and maximal flexibility values correlated with most (17 out of 26) of the predicted loop

segments, while maximum hydropathy and minimum chain flexibility correlated with only

some (7 out of 19) of the predicted beta strands. According to Crawford, et al. (1987),

the amplitudes of both hydropathy and chain flexibility are comparatively small and vari-

able for predicted alpha helixes. Unfortunately, alpha helixes in the MSP could not be

predicted with any confidence following these criteria.

Since the MSP is not an intrinsic membrane protein, a membrane-buried helix propen-

sity profile was constructed using the parameters of Argos, et al (1982) with a sliding

window of only five residues (H5 ). This function was introduced for two reasons: 1) to

identify possible membrane anchoring segments, i.e., short hydrophobic alpha helixes that

may serve to bind the MSP to the PS II core complex; and/or 2) to localize the position

of hydrophilic solvent-exposed connecting loops that may serve as possible protein-pro-

tein contact interfaces. As expected, the vast majority of the cyanobacterial MSP exhib-

ited a low preference for membrane insertion, and apart from the signal sequence, which

is represented by the first 28 amino acids, the MSP does not appear to have any mem-
brane-buried helical segments.

Residues 135-160, which exhibited some probability for membrane insertion, may

represent a contact interface with another molecule. The stearic hindrance of the two pro-

lines in this region prohibit the segment from adopting an alpha helical structure, and

hence, it was not predicted to be membrane-immersed. Secondary structure analysis in-

dicated that this sequence is likely to form a beta/alpha/beta structure. The presence of

nonpolar residues and the absence of many charged residues suggested that this region,

which is one of the longest of nine identified FIRs, might be membrane immersed. The

few charged residues within this region, two glutamic acid residues and one lysine, may

be important in terms of charge pairing, perhaps with another protein associated with the

PSII core complex.

Contact interfaces between molecules are often as closely packed as the interior of a

protein molecule. Contacts constitute a precise fit between hydrophobic side chains, charge

pairings, side chains, and backbone hydrogen bonds (Argos and MohanaRao, 1982; von

Heijne, 1987). Since this region is relatively long in terms of its conservation, exhibits

minimal to moderate flexibility, and is the most likely region to be membrane-immersed,

it may indeed play an important role in anchoring the MSP within the thylakoid membrane

or to another protein. On the other hand, the association of the MSP with the PSII reac-

tion center may be primarily ionic, since treatment with high salt will remove the MSP.

The most prominent negative depression in the membrane-buried helix profile was

found between residues 82-92. This region is likely to be a connecting loop on the sur-

face of the protein and is one of the most highly charged regions of the polypeptide. The
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concentration of charge and the hydrogen bonding potential of the residues in this region

could also be important in forming a contact interface with another protein molecule. This

region, however, is not a FIR.

Figure 3 is a composite surface profile of the Synechococcus PCC 7942 MSP. Pro-

file plots of accessibility, HPLC-hydrophilicity, and flexibility parameters were combined

to produce the composite surface profile. The surface site values (a surface site is de-

fined as any residues with a profile greater that 25% above the average) for each profile

were scaled from to 100 with the maximum surface site value in each plot set to 100

and the 25% surface site value set to 0. The profiles were then superimposed, and the

maximum value of each residue was taken as the composite profile value. Although only

a small number of antigenic sites are composed of residues that are continuous in the pri-

mary sequence, according to Parker, et al. (1986), these sites will have composite surface

values greater than 50%. The two most prominent antigenic sites produced by contigu-

ous amino acids within the MSP were formed by residues 82-90 and 249-256. Antibod-

ies might be raised to synthetic peptides mimicking these portions of the polypeptide.

While several other regions exhibited surface profile values that exceeded 50%, these

regions are less likely to be antigenic because they encompass few residues. It is worth

noting that the highly antigenic region, which encompasses residues 249-256, was a pre-

dicted FIR. Since this region also exhibited partial similarity to the Mn-binding site of

superoxide dismutase from E. coli, it was identified for future saturation mutagenesis.

If the region from 249-256 is indeed a ligand binding domain, it must be accessible,

and a certain degree of segmental flexibility would be expected to allow the protein to

undergo conformational changes upon binding ligands or substrates. Flexibility can be

advantageous in aiding the access of ligands to the active site and may also affect the rate

and equilibrium constant for the ligand binding. If the MSP binds Mn which cycles be-

tween various oxidation states, flexibility of the protein structure would be necessary for

electron transfer as the protein is reversibly oxidized and reduced. It would be essential

that the structure be able to relax in order to accommodate changes in geometry around

the Mn atom as it changes its oxidation state.

It is important to note that there are four Mn associated with the PSII complex, and

twenty to twenty-four ligands are expected in the coordination sphere of the Mn-cluster.

How many ligands, if any, are provided by the MSP to bind Mn or to hold the oxygen

evolving complex in the proper conformation is not known (Philbrick, et al, 1991). At

this time, only one residue, the Glu-60 of the reaction center D2 polypeptide, is known

to provide a ligand to the Mn-cluster (Vermaas, 1990), but work by Diner, et al. (1988)

suggests that processing of the carboxy terminus of the Dl polypeptide is also required

for proper Mn binding and assembly of the oxygen-evolving complex.

Other potential Mn-binding domains on the MSP include the site that corresponds to

that previously identified by Oh-oka, et al. (1986) in pea, which also exhibited partial se-

quence homology with the bacterial superoxide dismutase, and the FIR between amino

acids 176 and 192. The MSP sequence from Chlamydomonas reinhardtii (Philbrick and

Zilinskas, 1988) was compared to that of spinach, and a stretch of 33 identical residues

in this region (139 to 171) was observed which was 70% conserved in the two known

cyanobacterial sequences {Synechocystis sp. PCC 6803 and Synechococcus sp. PCC
7942). The region identified by Oh-oka, et al. (1986) in Synechococcus sp. PCC 7942

encompasses the first FIR and a few neighboring residues in our analyses. It was pre-

dicted to be in a loop or turn in all three of the MSPs but did not appear to be particularly

accessible or flexible. The FIR at 175-191 was predicted to be in a beta sheet.
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Until recently, the MSP was believed to be required for the lysis of water and oxy-

gen evolution. Mayfield, et al ( 1 987) found that expression of the MSP was required for

stability of PSII particles by examining Chlamydomonas reinhardtii mutants. In this or-

ganism, only about 25% of the core PSII proteins accumulated in mutants deficient for

expression of the polypeptide. However, psbO deletion and insertion mutants were con-

structed in Synechocystis sp. PCC 6803, which resulted in the lack of expression of the

MSP (Mayes, et al, 1991; Philbrick, et al, 1991; Burnap and Sherman, 1991). The mu-

tants exhibited normal expression and assembly of the polypeptides of PSII, but oxygen

evolution was 70% of that seen in wild-type organisms, and mutants were more suscep-

tible to photoinhibition. Thus, the results of these recent experiments suggest that the

MSP may play only a minor role, if any, in providing Mn ligands.

Our analyses also suggested that the MSP is a highly folded protein which has a beta/al-

pha/beta super-secondary structure. These recurrent motifs are energetically favorable

configurations, and the beta/alpha/beta structure is common to many globular proteins.

DISCUSSION

Clearly, there is sufficient information embedded in an amino acid sequence to de-

termine the final folding of the polypeptide. However, predictions of the tertiary struc-

ture of a polypeptide from the primary sequence are currently not accurate because of two

important considerations (King, 1986): 1) little is known about the rules regulating the

assembly of sequential intermediate forms of the polypeptide that are short-lived and un-

stable but which are necessary to achieving the final tertiary structure; and 2) almost all

algorithms which attempt to relate structure to sequence implicitly assume that each residue

carries information for the folding process, but experimental evidence has shown that many

residues are not involved.

The identification of specific residues as targets for mutagenesis, however, did not

require knowledge of the tertiary structure of the polypeptide. Recognition of important

structural and functional residues was performed not only by the application of algorithms

to predict a structural profile of secondary structure but also by the comparison of ho-

mologous polypeptides to identify conserved residues which play important structural and/or

functional roles.

Having built a structural model by analysis of secondary features and by examina-

tion of the homology of one sequence to another, it is necessary to consider the validity

of this approach. Although secondary structure analyses are still unable to delineate the

full three-dimensional structure of a protein molecule from its primary amino acid se-

quence alone, regions of ordered secondary structure may be delineated with reasonable

accuracy. Predictions of tertiary structure will become more feasible as x-ray crystal-

lography data accumulates and methods of analysis of structure and predictions of polypep-

tide folding continue to rapidly evolve.

Statistical propensities for "alpha helix forming" and "beta sheet forming" abilities

based on known X-ray crystallography data have been extended to arrive at empirical pre-

diction schemes such as the well-known Chou-Fasman method of predicting secondary

structure (Chou and Fasman, 1974a, 1974b, 1978a, 1978b). While the method of Chou-

Fasman is only 49% accurate, a modified version of this analysis developed by Williams,

et al. (1987) was used in this investigation. This method eliminates many of the Chou-

Fasman rules, chooses the best decision constants for structure assignments, and has been

shown to be 57% correct in assigning helical, strand, and turn conformational states.
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The inaccuracy of prediction methods is often associated with delineating the termini

of sheets and helixes (Argos, et al, 1982). It is difficult to define the exact residue span

encompassing a certain ordered structure, and often the transition from coil to order is

made in a continuous fashion requiring several residues. Furthermore, the rules govern-

ing predictive methods can be ambiguous and lead to overlapping helix and sheet deter-

minations. Thus, it is difficult for secondary structure prediction methods which only

consider local information to accurately delineate structure. Using these kinds of pre-

dictions on known structures, the number and relative positions of helixes and strands are

correctly predicted but are often slightly displaced or of the wrong length (Taylor, 1987).

Chothia and Lesk (1986) have analyzed the accuracy of secondary structure predic-

tions by examining pairs of homologous sequences of known structures. They observed

that above 50% residue homology the differences between predicted and actual secondary

structure are slight and that a model built structure can be almost as good as a moderate

resolution crystal structure. The degree of homology between the polypeptides in this in-

vestigation is very close to 50%, and the secondary structure predictions of the 33 kDa
MSP of Synechococcus PCC 7942 were enhanced by comparisons of the polypeptide to

the two known MSP sequences in higher plants.

The secondary structure analyses and identification of potential ligands for manganese

binding will permit construction of site-directed cyanobacterial mutants which can be ex-

amined for altered function to determine if the analyses correctly identified a function-

ally or structurally important region within the MSP.
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ABSTRACT: Expert systems, a form of artificial intelligence, may soon become an important

management tool for agribusiness dealers, county agents, agricultural consultants, and farmers. An
expert system can make the specialized knowledge of an expert available to crop managers and

farmers when making critical management decisions. The expert system also informs the user as

to how the recommendation or conclusion was reached on the screen or on the print-out. Purdue

University agricultural scientists have recently developed a prototype alfalfa management expert

system. This expert system models the procedures used by a forage expert in determining agro-

economic recommendations for successful establishment and profitable production of alfalfa. With

this expert system, information is readily available to alfalfa producers for making management

decisions relative to liming, fertilization, drainage, weed control, longevity of stand, variety recom-

mendations, and method and rate of seeding.

INTRODUCTION

Artificial intelligence emerged as a new field nearly four decades ago. However,

progress was slow for several decades due to the early approach of utilizing sophisticated

reasoning techniques without relying on a knowledge base (Giarratano and Riley, 1989).

During the past decade, most of the artificial intelligence work shifted to knowledge-based

expert systems. At present, the major limitation to the development of knowledge-based

expert systems, especially in agriculture, is the lack of well-trained knowledge engineers.

An expert system is a written program, usually computerized, that imitates the

decision-making process of a human expert. Expert systems offer many advantages to

modern day high-technology agriculture. Some of these advantages are:

1

.

Permits mass production of expertise resulting in increased availability to agri-

cultural producers.

2. Very fast response when expertise is needed.

3. Expertise is permanent — no illness, retirement, or death.

4. Is easily modified and/or updated.

5. User can observe the reasoning involved in reaching a conclusion.

6. Development of C Language Integrated Production System (CLIPS) will result in

greatly reduced cost of expertise to user.

The objective of this study was to develop an alfalfa management expert system which

would make the expertise of a forage expert readily available to agricultural advisors and

farmers when critical management decisions must be made. This expert system was orig-

inally developed for selecting alfalfa varieties (Rhykerd, et ai. 1988. 1989, in press) and

has been greatly expanded and updated to provide expertise for alfalfa establishment and

production management decisions.
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KNOWLEDGE ENGINEERING

The process of building a knowledge-based expert system is referred to as knowl-

edge engineering. This process requires a domain expert, a knowledge engineer, and a

development tool (expert system shell). The domain expert for developing this alfalfa

management expert system for Indiana was C.L. Rhykerd. The knowledge engineers were

R.L. Rhykerd, L.M. Rhykerd, and C.L. Rhykerd, Jr.. The development tool was PC Plus,

an expert system shell from Texas Instruments, Inc. The expert system shell consists of

an inference engine that determines the information that must be obtained (and in what

order) from the knowledge base and from the user.

The first step in the knowledge engineering process is for the knowledge engineer to

establish a dialogue with the domain expert and elicit the appropriate knowledge from the

domain expert. The knowledge engineer must then code the knowledge explicitly into

the knowledge base. The knowledge-based expert system is then evaluated by the domain

expert. Any necessary modifications are given to the knowledge engineer for further re-

finement until the domain expert is satisfied with the performance of the expert system.

The advantage of a knowledge-based expert system, such as this alfalfa management

expert system, over many conventional programming techniques is the ability to integrate

subjective (heuristic), objective (factual), and incomplete or uncertain information that is

used by a forage expert. The knowledge base in this alfalfa management expert system

is in the form of facts and rules. This type of expert system reasons by moving from one

rule to the next, gathering additional information about the user's particular situation as

it proceeds through the rules. Eventually it gathers enough information about a given

situation to make a specific recommendation.

The knowledge base for this alfalfa management expert system was developed for

Indiana but could easily be modified for other States or regions. Alfalfa management

considerations and the sequence in which they were built into the knowledge base are as

follows:

1

.

Soil drainage. The first question posed to the user concerns the soil drainage classi-

fication, since this determines whether alfalfa can be successfully grown and whether

a phytophthora resistant variety will be required.

2. Soil pH. Alfalfa is sensitive to soil pH. Therefore, the user is asked if the soil pH
is 6.6 or above. The recommendation given is based on the response to the soil

pH level of the field to be seeded to alfalfa.

3. Soil P test. This recommendation is based on soil P level supplied by user.

4. Soil K test. This recommendation is based on soil K level supplied by user.

5. Use of alfalfa crop. Soil improvement only or as a forage (hay or silage).

6. Weed control. Choice of companion crop or herbicides for weed control during

establishment.

7. Expected longevity of stand. An indirect method of determining whether an an-

thracnose resistant variety is required. Bacterial wilt resistance is also a consid-

eration.

8. Variety recommendation. A list of varieties is presented which possess the nec-

essary attributes to assure success in establishment and production as desired by

the user. Varieties can be listed by company, if desired. The knowledge base can

be easily modified as varieties are released or discontinued.
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9. Method and rate of seeding. Determined by input of user relative to seedbed

preparation and method of seeding.

This alfalfa management system performs well and provides recommendations that

are satisfactory to the domain expert. However, this expert system will not be made avail-

able to potential users in its present form due to high cost and legal restrictions. Conse-

quently, the next step is to convert this alfalfa management expert system to CLIPS. CLIPS

was just recently developed by the Artificial Intelligence Section at NASA/Lyndon B.

Johnson Space Center. The CLIPS expert system tool was designed to greatly reduce the

cost and legal restrictions associated with the development and use of expert systems.

Robert T. Savely, Head of the Artificial Intelligence Section at Lyndon B. Johnson Space

Center has recently stated (Giarratano and Riley, 1989): "Although CLIPS is but one of

the first steps, it is an important step in the evolution of a technology that may be the most

important advance in the history of mankind." The authors anticipate having this alfalfa

management expert system converted to CLIPS within the next year.

CONCLUSION

The knowledge-based expert system, a form of artificial intelligence, will soon be-

come an important management tool for agribusiness dealers, county agents, agricultural

consultants, and farmers by making the specialized knowledge of an expert readily avail-

able to crop consultants and farmers. Purdue University agricultural scientists have re-

cently developed a prototype alfalfa management expert system. The next step is to convert

this expert system to CLIPS in order to reduce the cost and legal restrictions associated

with making this alfalfa expert system available to users.
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ABSTRACT: The Prairie Creek Site, Daviess County, Indiana, yielded amphibian and reptile fos-

sils from three stratigraphic zones: D, Late Pleistocene; C, Late Pleistocene-Holocene mix; and B.

Holocene. None of the fossil amphibians and reptiles from any of the zones represent extinct forms,

and all but one of the herpetological species have been recorded in or quite near the Prairie Creek

area during modern times. Possible replacement of Blanding's turtle by the red-eared slider in

Holocene times might suggest some reorganization of the herpetofauna at the end of the Pleis-

tocene. The Late Pleistocene herpetofauna contrasts with the mammalian fauna which contains

extinct species and several northern extralimital taxa. Pollen studies of the Pleistocene layers might

be interpreted as reflecting a boreal climate, but many reptilian species could not exist in such a

climate today, thus producing a striking dilemma in paleoclimatic interpretation.

INTRODUCTION

Late Pleistocene herpetofaunas from States bordering the Great Lakes are rare. Pre-

vious studies of fossils from lacustrine and marsh deposits in Indiana have described few

taxa: Rana cf. R. pipiens (leopard frog), Apalone sp. (soft-shelled turtle), Chelydra ser-

pentina (snapping turtle), and Chrysemyspicta (painted turtle) from the Christensen mastodont

locality, Hancock County (Graham, Holman, and Parmalee, 1983); Rana sp. (frog) and

Chelydra serpentina from the Dollens mastodont locality, Madison County (Richards. White-

head, and Cochran, 1988); a frog of the Rana pipiens complex from the Kolarik mastodont

locality, Starke County (Richards and Ellis, in prep.); and Chrysemys picta, Sternotherus

sp. (musk turtle), Chelydra/Macrochelys (snapping turtle), and Pseudemys/Graptemys

(cooter/map turtle) from an earlier (1973) study of a mixed Late Pleistocene/Holocene

stratum at the Prairie Creek locality, Daviess County (Tomak, 1975). Thus, the recovery

of an extensive Late Pleistocene and Holocene herpetofauna (minimum of 25 species)

that contains anurans (6 species), snakes (8 species), and an extremely abundant turtle

fauna (9 species) from the Prairie Creek locality is of considerable importance.

In 1 974 and 1 975, Indiana University and the Glenn A. Black Laboratory of Archaeology

excavated Late Pleistocene and Holocene faunal remains from the Prairie Creek site. Daviess

County, Indiana. S.T. Jackson and D.R. Whitehead (unpublished ms.) found that the Prairie

Creek pollen and plant macrofossils indicated a spruce-dominated boreal forest sur-

rounding Late Pleistocene Lake Prairie Creek. Fraser and Gray ( 1 992) described the Qua-

ternary geology of the Prairie Creek basin. Richards (1993) presented a summary overview

of the geology of the fossil site and a treatment of the small mammal remains.
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During the latter part of the Late Pleistocene (approximately 16,000 to 13,000 B.R),

Lake Prairie Creek accumulated the remains of vertebrates that inhabited its waters, shores,

and the surrounding region (Fraser and Gray, 1992). That accumulation was halted when

lake waters breached downstream valley train deposits, flushing the bone-rich sediments

of Lake Prairie Creek one to two miles downstream along the bed of Prairie Creek (Zone

D of the present fossil site). The excavated portion of that deposit produced a radiocar-

bon date of 14,010 ± 140 B.P (P.J. Munson, pers. comm.). During the Holocene (ap-

proximately 4,140 - 2,880 B.R), remains of vertebrates living in and about Prairie Creek

and the marshlands of the former upstream lake accumulated in the alluvial Holocene de-

posits (Zone B) of Prairie Creek. Archaeological materials in some of the Holocene strata

("living floors") suggest that some of the bone accumulation was the result of Native American

activities. Zone C consists primarily of Holocene remains, with an abundant mixture of

Late Pleistocene materials scoured from the creek bed deposits. Some Late Pleistocene

remains have been reworked into the Zone B Holocene strata.

The Late Pleistocene (Zone D) includes remains of several boreal and northern ex-

tralimital mammals, such as the yellow-cheeked vole, southern red-backed vole, star-nosed

mole, fisher, and red squirrel (Richards, 1993). Pollen profiles of the same zone show a

high percentage of spruce, the presence of fir and larch, and a low value for hardwoods

(S.T. Jackson and D.R. Whiteland, unpubl. ms.). The more temperate nature of the rich

herpetofauna associated with a rather northern mammalian fauna presents a serious

dilemma in the interpretation of Late Pleistocene climate.

CHECKLIST OF HERPETOFAUNAS FROM THE PRAIRIE
CREEK SITE, DAVIESS COUNTY, INDIANA

The Late Pleistocene Fauna (Zone D)

Ambystoma sp. Mole Salamander

Bufo sp. Toad

Rana catesbeiana Bullfrog

Rana clamitans Green Frog

Rana pipiens complex Leopard frog group

Rana sylvatica Wood frog

Chelydra serpentina Snapping turtle

Sternotherus odoratus Common musk turtle

Chrysemys picta Painted turtle

Emydoidea blandingii Blanding's turtle

Graptemys sp. Map turtle

Pseudemys sp. Cooter

Apalone spinifera Spiny softshell turtle

Apalone sp. Softshell turtle

Nerodia erythrogaster Copperbelly water snake

Nerodia sp. Water snake

Thamnophis sp. Garter or ribbon snake
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The Pleistocene-Holocene Fauna Mixture (Zone C)

Rana catesbeiana

Rana pipiens complex

Stemotherus odoratus

Chelydra serpentina

Chrysemys picta

Emydoidea blandingii

Graptemys sp.

Pseudemys sp.

Trachemys scripta

Terrapene Carolina

Apalone sp.

Coluber constrictor

Elaphe sp.

Lampropeltis triangulum

Nerodia erythrogaster

Nerodia rhombifer

Nerodia sp.

Thamnophis sp.

Bullfrog

Leopard frog group

Common musk turtle

Snapping turtle

Painted turtle

Blanding's turtle

Map turtle

Cooter

Red-eared slider

Eastern box turtle

Softshell turtle

Racer

Rat, corn, or fox snake

Milk snake

Copperbelly water snake

Diamondback water snake

Water snake

Garter or ribbon snake

The Holocene Fauna (Zone B)

Siren intermedia

Bufo americanus

Bufo woodhousii fowleri

Bufo sp.

Rana catesbeiana

Rana pipiens complex

Sternotherus odoratus

Chelydra serpentina

Chrysemys picta

Emydoidea blandingii

Trachemys scripta

Terrapene Carolina

Apalone sp.

Coluber constrictor

Elaphe obsoleta

Elaphe sp.

Lampropeltis getula

Nerodia rhombifer

Nerodia sp.

Thamnophis sp.

Crotalus horridus

Lesser siren

American toad

Fowler's toad

Toad

Bullfrog

Leopard frog group

Common musk turtle

Snapping turtle

Painted turtle

Blanding's turtle

Red-eared slider

Eastern box turtle

Softshell turtle

Racer

Rat snake

Rat, corn, or fox snake

Black kingsnake

Diamondback water snake

Water snake

Garter or ribbon snake

Timber rattlesnake
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Table 1 . Minimum number of individuals of herpetological species from the Prairie Creek

Site, Daviess County, Indiana. Because of the fragile nature of paired elements and the

lack of a single, isolatable vertebra for each individual, it is very difficult to get MNI
counts from snake remains (usually indicated as 1).

Taxon Zone D Zone C Zone B

Ambystoma sp.

Siren intermedia

Bufo americanus

Bufo woodhousii fowleri

Bufo sp.

Rana catesbeiana

Rana clamitans

Rana pipiens complex

Rana sylvatica

Sternotherus odoratus

Chelydra serpentina

Chrysemys picta

Emydoidea blandingii

Graptemys sp.

Pseudemys sp.

Trachemys scripta

Terrapene Carolina

Apalone spinifera

Apalone sp.

Coluber constrictor

Elaphe obsoleta

Elaphe sp.

Lampropeltis getula

Lampropeltis triangulum

Nerodia erythrogaster

Nerodia rhombifer

Nerodia sp.

Thamnophis sp.

Crotalus horridus

1

1

1

1

1 2

3 1 2

8

21 1 5

2

1 23 89

1 1 1

11 2 6

4 1 1

1 1

1 1

1 6

1 3

1

1 1 1

1 1

1

1 1

1

1

1 1

1 1

1 1 1

1 1 1

1

SYSTEMATIC PALEOZOOLOGY

These fossils will be permanently housed at the Glenn A. Black Laboratory of Ar-

chaeology, Indiana University, Bloomington. Scientific and vernacular names used fol-

low Conant and Collins (1991). Modern amphibian and reptile distributions and habitat

information follow Minton (1972) and Minton, et al. (1982). The abbreviations used in-

clude: L, R, left, right; MNI, minimum number of individuals; IUBT, Indiana University,

Bloomington, temporary catalogue number; FLT, flotation sample; LF1, 2, living floor

units (Native American); NLF, non-living floor. Table 1 lists the minimum numbers of

individuals for taxa in each Zone.
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Class Amphibia: Amphibians

Order Caudata: Salamanders

Family Sirenidae: Sirens

Siren intermedia Barnes, 1826; Lesser siren

Material. Zone B-NLF: 3 vertebrae (IUBT-37).

Remarks. Goin and Auffenberg (1955) give characters that distinguish the verte-

brae of Siren from those of the closely related Pseudobranchus. Siren intermedia verte-

brae are much smaller than those of S. lacertina. The small Siren vertebrae from Zone

B-NLF are indistinguishable from those of Siren intermedia, a species that has been recorded

from the modern fauna of Daviess County, Indiana (Minton, 1972, map 20). This species

prefers warm, quiet, shallow water with abundant aquatic plants and a soft bottom.

Family Ambystomatidae: Mole salamanders

Ambystoma sp. indet.; Mole salamander

Material. Zone D: distal humerus (IUBT-36).

Remarks. This humerus is identified with confidence as that of Ambystoma but is

too fragmentary to be identified to species. Ambystoma maculatum, A. tigrinum, A. opacum,

and A. texanum have been recorded from Daviess County or are thought to occur there

today (Minton, 1972, maps 6-9).

Order Anura: Frogs and toads

Family Bufonidae: Toads

Bufo americanus Holbrook, 1 836; American toad

Material. Zone B-LF1 : R ilium (IUBT-38).

Remarks. Wilson ( 1 975) discusses use of the ilium in identifying the various species

of Bufo. The dorsal protuberance of the ilium of Bufo americanus is wider at its base than

in the similar B. woodhousii (Holman, 1967), and in mature specimens of B. americanus.

the peak of the dorsal protuberance is located anterior to the midpoint of its base (Tihen.

1962). The American toad prefers grasslands and sparse woods, avoiding deep wood-

lands and lowlands prone to repeated flooding.

Bufo woodhousiifowled Hinckley, 1882; Fowler's toad

Material. Zone B-LF1: L ilium (IUBT-39).

Remarks. Bufo woodhousii fowleri is separable from the western subspecies B.w.

woodhousii on the basis of having a much lower ilial prominence (Wilson, 1 975). Fowler's

toad has been recorded from Daviess County, Indiana (Minton, 1972. map 23). This sub-

species prefers sandy areas and open woodlands.

Bufo sp. indet.; Toad

Material. Zone D: R ilium (IUBT-40). Zone B-FLT: parasphenoid and R scapula

(IUBT-41). Zone B-LF2: 2 R tibiofibulae (IUBT-42).

Remarks. These elements could not be identified to species.
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Family Ranidae: True frogs

Rana catesbeiana Shaw, 1802; Bullfrog

Material. Zone D: 2 angulares, R scapula, and 3 R ilia (IUBT-43). Zone C: R ilium

and distal femur (IUBT-44). Zone B-NLF: R exoccipital (IUBT-45). Zone B-LF2: L tibiofibula

(IUBT-74). Zone B-LF1 : puboischium, R ilium, distal femur, and L tibiofibula (IUBT-46).

Remarks. Holman (1984, 1987b) has given characters for the identification of Rana

species based upon ilia. Although there are no specific records of this species from Daviess

County, it almost certainly occurs there (Minton, 1972, map 29). The bullfrog occurs

today in permanent aquatic situations but needs quiet, warm water to breed in.

Rana clamitans Latreille (in Sonnini

and Latreille), 1801; Green frog

Materials. Zone D: 5 L, 8 R ilia (IUBT-47).

Remarks. Although there are no specific records of the green frog from Daviess

County, it almost certainly occurs there today (Minton, 1972, map 28). In Indiana, green

frogs inhabit cool, clear water, avoiding waters that are warm or muddy.

Rana pipiens complex; Leopard frogs

Material. ZoneD: 16 L and 21 Rilia(IUBT-75). Zone C: R ilium (IUBT-76). Zone

B-FLT: 3 L ilia (IUBT-48). Zone B-LF2: L ilium (IUBT-49). Zone B-LF1: L and R ilia

(IUBT-50).

Remarks. Three species of the Rana pipiens complex (R. pipiens, R. blairi, and R.

utricularia) assume rather parapatric distributions that segregate in southern and western

Indiana (Conant and Collins, 1991). Only R. utricularia inhabits Daviess County today.

These frogs live in wet meadows, marshes, bogs, and shallow ponds and generally shun

cool water or rapid brooks (Minton, 1982).

Rana sylvatica Le Conte, 1825; Wood frog

Material. Zone D: 2 L ilia (IUBT-51).

Remarks. There are no specific records for wood frogs for Daviess County, but the

species undoubtedly occurs there (Minton, 1972, map 33). This species is terrestrial dur-

ing most of the year, hiding under leaves and in rotten logs.

Class Reptilia: Reptiles

Order Testudines: Turtles

Family Kinosternidae: Musk and mud turtles

Sternotherus odoratus (Latreille in Sonnini

and Latreille, 1801); Common musk turtle

Material. ZoneD: peripheral and hyoplastron (IUBT-1). ZoneC: 12 nuchals, 3 neu-

rals, 3 pygals, 153 costals, 129 peripherals, 19 epiplastra, 46 hyoplastra, 32 hypoplastra,

28 xiphiplastra, and 13 shell fragments (IUBT-2). Zone B-LF2: 9 nuchals, neural, 116

costals, 73 peripherals, 30 epiplastra, 51 hyoplastra, 35 hypoplastra, 38 xiphiplastra, and

6 shell fragments (IUBT-3). Zone B-LF1: 22 nuchals (Figure 1A), 6 neurals, 5 pygals,

466 costals, 435 peripherals, 54 epiplastra, 120 hyoplastra, 103 hypoplastra, 64 xiphiplas-

tra, and 166 shell fragments (IUBT-4). Zone B-NLF: 2 neurals, 14 costals, 25 peripher-

als, 6 hyoplastra, hypoplastron, 2 xiphiplastra, and 7 shell fragments (IUBT-5).
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Figure 1. Turtle elements, Prairie Creek Site, Daviess County, Indiana. A. Sternotherus

odoratus (common musk turtle), nuchal, Zone B (LF1): L- 1238/44. B. Graptemys sp.

(map turtle), peripheral, Zone D: L- 1632/24. C. Chelydra serpentina (snapping turtle),

right ulna, Zone D: L-496/7. D. Apalone spinifera (spiny softshell turtle), left hypoplastron.

Zone D: L-794/8. E. Apalone spinifera (spiny softshell turtle), left hypoplastron. medial

portion, Zone D: L-794/7. F. Pseudemys concinna (cooter), right xiphiplastron. Zone D:

L-513/1. Each scale line equals 10 mm.
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B

Figure 2. Turtle elements, Prairie Creek Site, Daviess County, Indiana. A. Emydoidea

blandingii (Blanding's turtle), nuchal, Zone D: L-584/1. B. E. blandingii, nuchal, Zone

D: L- 11 22/1. C. Terrapene Carolina (eastern box turtle), nuchal, Zone B (LF1): L-453/315.

D. Chrysemys picta (painted turtle), nuchal, Zone D: L- 11 88/1. E. Trachemys scripta

(red-eared slider), nuchal, Zone B (LF2): L-229/38. Each scale line equals 10 mm.
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Remarks. Characters for the identification of Sternotherus odoratus on the basis of

individual shell bones are given in Preston (1979). This species has not been recorded

from Daviess County during historic times but undoubtedly occurs there (Minton, 1972,

map 35). In Indiana, the musk turtle prefers permanent water with a soft bottom.

Family Chelydridae: Snapping turtles

Chelydra serpentina (Linnaeus, 1758); Snapping turtle

Material. Zone D: 2 maxillae, dentary, hyoid element, 19 vertebrae, 13 scapuloco-

racoids, 3 humeri, 3 ulnae (Figure 1C), fibula, 6 ilia, ischium, 4 pubes, 2 femora, tibia,

nuchal, 5 neurals, 19 costals, 50 peripherals, suprapygal, pygal, osteoscute, 3 entoplastra,

hyoplastron, 3 hypoplastra, and 8 shell fragments (IUBT-6). Zone C: 3 dentaries, verte-

bra, podial, phalynx, 3 scapulocoracoids, humerus, ilium, pubis, femur, 6 costals, 4 pe-

ripherals, neural, hyoplastron, 2 hypoplastra, and 3 shell fragments (IUBT-7). Zone B-LF2:

vertebra, 4 scapulocoracoids, femur, neural, and 5 peripherals (IUBT-8). Zone B-LF1: 3

vertebrae, 2 scapulocoracoids, femur, 2 tibiae, neural, 2 costals, 7 peripherals, hyoplas-

tron, and a shell fragment (IUBT-9).

Remarks. Preston (1979) has given characters that identify individual shell bones

of the snapping turtle. This species occurs in Daviess County today in a wide variety of

aquatic situations (Minton, 1972, map 34).

Family Emydidae: Box and water turtles

Chrysemys picta (Schneider, 1783); Painted turtle

Material. Zone D: humerus, 11 nuchals (Figure 2D), 2 pygals, 68 costals, 112 pe-

ripherals, 5 epiplastra, 6 hyoplastra, 2 hypoplastra, and 6 xiphiplastra (IUBT-10). Zone

C: 2 nuchals, 22 peripherals, 2 epiplastra, 3 hyoplastra, hypoplastron, and 5 xiphiplastra

(IUBT-1 1). Zone B-LF2: 2 nuchals, 16 peripherals, 4 epiplastra, hyoplastron, 5 hypoplastra,

and 6 xiphiplastra (IUBT-1 2). Zone B-LF1 : 4 nuchals, pygal, 25 peripherals, 4 epiplas-

tra, 3 hypoplastra, and 2 xiphiplastra, (IUBT-1 3).

Remarks. Preston (1979) has discussed the identification of the painted turtle on

the basis of individual shell elements. Although there are no specific records of C. picta

from Daviess County, the species undoubtedly occurs there today (Minton, 1972, map
43). The painted turtle prefers quiet, warm, shallow water with aquatic vegetation and a

soft bottom.

Emydoidea blandingii (Holbrook, 1838); Blanding's turtle

Material. Zone D: 4 nuchals (Figure 2A-B), 3 neurals, pygal, costal, 36 peripherals,

hyoplastron, hypoplastron, and 2 xiphiplastra (IUBT-1 4). Zone C: femur, peripheral,

hyoplastron, hypoplastron, and 2 xiphiplastra (IUBT-1 5). Zone B-LF2: 2 peripherals

and a hyoplastron (IUBT- 16). Zone B-LF 1 : 2 peripherals, hyoplastron, and hypoplastron

(IUBT-1 7).

Remarks. Preston (1979) discusses the identification of E. blandingii on the basis

of individual shell elements, which in most cases are quite characteristic. This turtle oc-

curs widely in the northern one-fourth of Indiana today (Minton, 1972. map 38). but it

has been only questionably recorded from the southern part of the State from three scat-

tered localities. It almost certainly does not occur in southwestern Indiana today. In In-

diana, this turtle prefers shallow, warm, quiet water near grassy areas.
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Graptemys sp. indet.; Map turtle

Material. Zone D: peripheral (Figure IB) and xiphiplastron (IUBT-20). Zone C:

pygal, 2 hyoplastra, and a hypoplastron (IUBT-21).

Remarks. These bones could not be identified to species. Two forms, G. geographica

and G. pseudogeographica, occur in the area today (Minton, 1972, maps 41 and 42). Both

occur primarily in rivers and streams.

Pseudemys sp. indet.; Cooter

Material. Zone D: 3 neurals, suprapygal, 8 costals, 6 peripherals, 2 epiplastra, en-

toplastron, hyoplastron, and 2 xiphiplastra (Figure IF; IUBT-18). Zone C: 3 neurals, 7

costals, 2 peripherals, epiplastron, and a hyoplastron (IUBT-19).

Remarks. Preston (1979) discusses the identification of the genus Pseudemys by in-

dividual shell elements. Today, the only populations of Pseudemys in Indiana occur in

the extreme southwestern portions of the State (Minton 1972, map 45). These turtles oc-

cur as hybrid populations of subspecies of P. concinna and P. floridana. These hybrids

occur in large, shallow ponds that connect with the Wabash River only during flood pe-

riods. There are no modern records of these turtles from Daviess County. One right hy-

oplastron (Zone D: L-2299/1 ) was very large, its measurements indicating a carapace length

of approximately 344 mm and a width of 230 mm. The longest carapace recorded for

Pseudemys c. hieroglyphica was 375 mm long (Conant, 1975).

Trachemys scripta (Schoepff, 1792); Red-eared slider

Material. Zone C: 2 epiplastra, entoplastron, and hypoplastron (IUBT-28). Zone B-

LF2: 2 nuchals (Figure 2E), 16 peripherals, 2 epiplastra, 2 hypoplastra, 2 xiphiplastra

(IUBT-29). Zone B-LF1: 4 nuchals, 2 pygals, 26 peripherals, 3 epiplastra, hyoplastron,

2 hypoplastra, and a xiphiplastron (IUBT-30). Zone B-NLF: humerus, 2 peripherals, 2

epiplastra, entoplastron, and 2 hyoplastra (IUBT-31).

Remarks. Preston (1979) discusses the identification of Trachemys scripta on the basis

of individual shell elements. This species undoubtedly occurs in Daviess County today

(Minton, 1972, map 44). The red-eared slider occurs in a variety of quiet water situations.

Terrapene Carolina (Linnaeus, 1758); Eastern box turtle

Material. Zone C: 9 peripherals and an entoplastron (IUBT-32). Zone B-LF2: nuchal,

3 neurals, 7 peripherals, and a hyoplastron (IUBT-33). Zone B-LF1: 2 nuchals (Figure

2C), 4 neurals, 25 peripherals, hyoplastron, 2 hypoplastra, and 2 xiphiplastra (IUBT-34).

Zone B-NLF: peripheral (IUBT-35).

Remarks. Preston (1979) discusses the identification of Terrapene Carolina on the

basis of individual shell bones. This species occurs in the area today (Minton, 1972, map
39) and is a terrestrial woodland species.
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Figure 3. Coluber constrictor (racer), trunk vertebra, Zone C: L-2 17/1, Prairie Creek Site,

Daviess County, Indiana. A. Left lateral aspect. B. Ventral aspect. Scale line for both

illustrations equals 2 mm.

Family Trionychidae: Softshell turtles

Apalone spinifera (Lesueur, 1827); Spiny softshell turtle

Material. Zone D: 2 hypoplasia (Figure ID, E) (IUBT-22).

Remarks. Holman (1982) discusses the identification of species of Apalone on the

basis of individual shell elements. This species undoubtedly occurs in the area today (Minton,

1 972, map 46). The spiny softshell occupies a large variety of aquatic habitats, especially

those with sandy or silty bottoms.

Apalone sp. indet.; Softshell turtle

Material. Zone D: 2 vertebrae, scapula, 2 neurals, 7 costals, hypoplastron, and 9

shell fragments (IUBT-23). Zone C: costal and 5 shell fragments (IUBT-24). Zone B-

LF2: 2 hypoplasia and 11 shell fragments (IUBT-25). Zone B-LF1: nuchal, 4 costals,

hypoplastron, and 13 shell fragments (IUBT-26). Zone B-NLF: ilium (IUBT-27).

Remarks. We are unable to identify these remains to species.

Order Squamata: Lizards, amphibaenians, and snakes

Suborder Serpentes: Snakes

Family Colubridae: Colubrids

Coluber constrictor Linnaeus, 1758; Racer

Material. Zone C: 2 vertebrae (Figure 3) (IUBT-52). Zone B-NLF: vertebra (IUBT-

53). Zone B-LF1: 3 vertebrae (IUBT-54).

Remarks. Holman (1981) gives references that address the identification of Colu-

ber constrictor on the basis of individual vertebrae. Racers occur in the modern fauna of

Daviess County (Minton, 1972, map 67). This snake prefers forest edge habitats where

the undergrowth is well-developed.
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Elaphe obsoleta (Say in James, 1823); Rat snake

Material. Zone B-LF1: vertebra (Figure 4A-C; IUBT-55).

Remarks. Auffenberg (1963) discusses the identification of the species of Elaphe

on the basis of individual vertebrae. The black rat snake, E.o. obsoleta, occurs in Daviess

County, Indiana (Minton, 1972, map 68). This often arboreal snake prefers woodlands

and forests.

Elaphe sp. indet.; Rat, corn, or fox snake

Material. Zone C: 2 vertebrae (IUBT-56). Zone B-FLT: 2 vertebrae (IUBT-57). Zone

B-LF2: vertebra (IUBT-58). Zone B-LF1: 2 vertebrae (IUBT-59).

Remarks. These vertebrae are too fragmentary for specific identification.

Lampropeltis getula (Linnaeus, 1766); Black kingsnake

Material. Zone B-LF1: 3 vertebrae (IUBT-60).

Remarks. Holman (1981) refers to the literature that discusses the identification of

Lampropeltis species by individual vertebrae. Lampropeltis getula undoubtedly occurs

in Daviess County today (Minton, 1972, map 72). This snake is said to prefer sparse dry

woods rather than river bottom forests.

Lampropeltis triangulum (Lacepede, 1788); Milk snake

Material. Zone C: vertebra (IUBT-61).

Remarks. Although there are no specific records of this snake from Daviess County,

the milk snake is undoubtedly found there (Minton, 1972, map 73). The milk snake oc-

curs in rather open situations near woodlands.

Nerodia erythrogaster (Forster, 1771); Copperbelly water snake

Material. Zone D: vertebra (IUBT-62). Zone C: vertebra (IUBT-63).

Remarks. Brattstrom (1967) has given characters that generally separate the verte-

brae of Nerodia from those of Thamnophis. Auffenberg (1963) and Holman (1967) have

given characters that separate individual vertebrae of Nerodia species from one another.

Nerodia erythrogaster probably occurs in the area today (Minton, 1972, map 55) in a va-

riety of quiet aquatic situations.

Nerodia rhombifer (Hallowell, 1852); Diamondback water snake

Material. Zone C: 3 vertebrae (IUBT-64). Zone B-LF1: 4 vertebrae (Figure 4D;

IUBT-65).

Remarks. Although there are no specific records, this species can probably be found

in Daviess County today (Minton, 1972, map 56). The diamondback water snake occurs

in large, quiet, shallow bodies of water.
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Figure 4. Snake vertebrae, Prairie Creek Site, Daviess County, Indiana. A-C. Elaphe

obsoleta (rat snake), trunk vertebra, Zone B (LF1): L-453/1. A. Lateral aspect. B. Ven-

tral aspect. C. Posterior aspect. D. Nerodia rhombifer (diamondback water snake), trunk

vertebra, left lateral aspect, Zone B (LF1): L-859/4. Scale line at A equals 2 mm and ap-

plies to A, B, and C. Scale line at D equals 2 mm.

Nerodia sp. indet.; Water snake

Material. Zone D: 13 vertebrae (IUBT-66). Zone C: vertebra (IUBT-67). Zone B-

NLF: 2 vertebrae (IUBT-68). Zone B-LF1: right mandible, and 2 vertebrae (IUBT-69).

Remarks. These elements are too fragmentary to identify to species.
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Thamnophis sp. indet.; Garter or ribbon snake

Material. Zone D: basisphenoid and 40 vertebrae (IUBT-70). Zone C: 2 vertebrae

(IUBT-71). Zone B-NLF: vertebra (IUBT-72).

Remarks. Three species of Thamnophis (T proximus, T sauritus, and T. sirtalis)

probably occur in Daviess County today (Minton, 1972, maps 62, 65, 66), but these ele-

ments could not be attributed to a particular species.

Family Viperidae: Vipers

Crotalus horridus Linnaeus, 1758; Timber rattlesnake

Material. Zone B-LF1: 2 vertebrae (IUBT-73).

Remarks. Characters for distinguishing isolated vertebrae of C. horridus were given

in Holman (1967). The timber rattlesnake has not been recorded from Daviess County,

Indiana in historic times and may not occur there today (Minton, 1972, map 81).

DISCUSSION

The Late Pleistocene (Zone D) herpetofauna at the Prairie Creek locality was com-

posed almost entirely of aquatic and semiaquatic species. The turtle fauna was represented

by a high percentage of Chrysemys picta (45% of turtles in Zone D) and a relatively high

percentage of Emydoidea blandingii (11%). Using an MNI count based upon peripher-

als (rather than the nuchal), Chelydra serpentina also demonstrated a high percentage in

Zone D (33%, 4 L peripheral #2). All three turtles can occur in quiet, warm, shallow

water with a soft bottom. These species are also the most northerly distributed of the

aquatic turtles (Conant and Collins, 1991). Only aquatic (Nerodia) and semiaquatic

(Thamnophis) snakes occurred in Zone D. While Thamnophis is the most northern-occurring

of any snake, Nerodia erythrogaster is a rather southern to temperate species, colonizing

no further north than southern Michigan. The most northern-occurring of the large water-

snakes, Nerodia sipedon, undoubtedly present in Daviess County today, was not identi-

fied from the Prairie Creek fauna. Ranid frogs (Rana catesbeiana, R. clamitans, and especially

the R. pipiens complex) were abundant, the predominance of the latter suggesting the

importance of wet meadows, marshes, and/or bogs during Zone D deposition. Rana syl-

vatica is the most northern-occurring of the anurans and is found in Indiana today.

The Holocene (Zone B) herpetofauna was composed of a mixture of aquatic and ter-

restrial species. Turtle remains were extremely abundant but consisted largely of Ster-

notherus odoratus (1,857 identified pieces representing 89 MNI, 81-90% of turtle MNI
in various Zone B units). This temperately distributed turtle attests to the importance of

permanent waters with a soft bottom (perhaps quiet, muddy sections of Prairie Creek)

during Holocene sedimentation. Trachemys scripta first appeared at Prairie Creek in Holocene

strata, where it inhabited quiet water with aquatic vegetation; it is a turtle of relatively

southern, somewhat temperate climates. Terrapene Carolina also first appeared in Zone

B, attesting to nearby woodlands. Although the aquatic/semiaquatic snakes {Nerodia and

Thamnophis) were present, Holocene Zone B contained a diversity of terrestrial snakes

{Coluber constrictor, Elaphe obsoleta, Lampropeltis getula, L. triangulum, and Crotalus

horridus), indicating temperate environments ranging from forests to grasslands bor-

dering woodlands. Ranid frogs were still present, but terrestrial toads {Bufo americanus

and B. woodhousii) appeared in greater numbers, supporting other indications for open

woodlands and grasslands during deposition of Holocene sediments. Hylid frogs were
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unexplainably absent from the Prairie Creek fauna. Siren intermedia, a relatively south-

ern species of warm, quiet, shallow water with a soft bottom and abundant aquatic plants,

was present only in Holocene strata.

Zone C contained two species {Pseudemys sp. and Graptemys sp.) that were unique

to Zones D and C. Nerodia rhombifer is a rather southern snake species, colonizing north-

ward only to west-central Illinois. In mixed strata, all of these species are of limited use

in interpreting environmental change.

The Prairie Creek site is herpetologically important in that it bridges the gap between

Late Wisconsinan and Holocene times and supports the evidence (Fay, 1986, 1988; Hol-

man, 1986, 1987a, b) that herpetofaunas of Late Wisconsinan age often have Holocene

and modern analogs, unlike mammalian faunas of Late Wisconsinan age which usually

lack modern analogs.

Extinct (ground sloth, armadillo, giant beaver, dire wolf, horse, peccary, and mastodont)

and extralimital mammals (star-nosed mole, fisher, red squirrel, red-backed vole, and yellow-

cheeked vole) from the Late Wisconsinan Zone D clearly represent a community that has

no analog today. However, all of the herpetological taxa, as far as can be determined,

represent living species and, with the possible exception of Emydoidea blandingii, may

be found living at or near the fossil locality today (Minton, 1972; Minton, et al., 1982).

The co-occurrence in a fauna of boreal mammalian species with more temperate or

southern taxa is thought by some to have been structured by more "equable" Late Pleis-

tocene climates (i.e., climates with reduced seasonal temperature extremes and more evenly

distributed moisture (Graham, 1976, 1979, 1985; Graham and Mead, 1987)). These "equable

climates" allowed individual taxa to adjust distributions according to their own "indi-

vidualistic" tolerances along changing environmental gradients, uniquely reorganizing bi-

otic communities (Graham, 1984; King and Graham, 1981). The occurrence of northern

amphibian and reptile fossils with more temperate zoned taxa would not be discernible

in many cases (Fay, 1986, 1988; Holman, 1986, 1987b), because amphibian and reptile

species in the eastern United States have such strictly northern distributional limits that

their significance in middle latitudes would not be recognized.

It is noteworthy that Emydoidea blandingii was most abundant in the Late Pleistocene

zone (and only represented in the Holocene), while Trachemys scripta was confined to

Holocene strata. The ranges of these two species overlap in northern Indiana and central

Illinois today. A replacement of "cooler" Late Pleistocene Emydoidea blandingii by more

temperate Holocene Trachemys scripta is suggested. This may indicate that herpetofau-

nas did not remain entirely "inert" in the Late Pleistocene but did undergo some reorga-

nization based upon the "individualistic" tolerances of each species, as has been suggested

for mammalian communities.

Pollen analysis from the Late Pleistocene levels of the Prairie Creek locality show a

high percentage of spruce, the presence of fir and larch, and a low percentage of hard-

woods. Such vegetation is more typical of boreal areas today. However, the herpetofauna

contains typical Carolinian and even a few typical Austroriparian species. It is extremely

doubtful that many of the herpetological forms from the Late Pleistocene Zone D fauna

could survive in a boreal climate at present, for there would not be suitable temperatures

for their eggs to hatch (Holman, 1986; Stuart, 1979). The following forms from Zone D
would probably have been unable to successfully propagate themselves in a true boreal

climate: Sternotherus odoratus, Graptemys sp., Pseudemys sp., Apalone sp.. Apalone

spinifera, and Nerodia erythrogaster. Therefore, rather than suggesting a boreal climate

based on northern extralimital mammals (and perhaps Emydoidea blandingii among the

reptiles), Graham's "equable climate" model may provide a more accurate description for

the Late Pleistocene faunal zone at the Prairie Creek locality.
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The Prairie Creek herpetofauna suggests that amphibians and reptiles do adjust dis-

tributions according to their "individualistic" tolerances as do mammals, though some

past range adjustments may not be apparent given the northern distributions of some mod-

ern species. In addition, most amphibian and reptile species were not greatly affected by

the reductions in environmental extremes ("equable climate") that so greatly affected mam-
malian distributions during the Late Pleistocene.
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ABSTRACT: A night vision device, Star-Tron Technology Corporation Model MK 426 Night

Vision System with a 75 mm Cosmicar television lens, was compared with a model 525 Infra-

metrics imaging radiometer to observe and record on video tape, with minimal disturbance, be-

havior of the big brown bat, Eptesicusfuscus. Both devices allowed for unobtrusive observations

under low light conditions. The night vision device, which uses ambient light, provided clearer

images. The infrared imager, which provides images from radiant heat sources, yielded images in

conditions where ambient light was virtually non-existent. It also helped locate bats in inaccessible

crevices. The sensitive night vision system must be protected from stray light sources entering the

lens. The bulkiness of the model 525 Inframetrics made it unwieldy in climbing into attics for

closer views of the bats. Both instruments were superior to daytime or light-supplemented VHS
camcorders in documenting bat behavior.

INTRODUCTION

Among the many devices used to detect and observe the nocturnal behavior of bats

are night vision systems and infrared imagers (Kirkwood and Cartwright, 1991). In this

study, the authors compared two systems while observing and recording behavior in a ma-

ternal colony of big brown bats, Eptesicus fuscus. The two systems were used to view

the emergence of the colony at dusk and to locate and observe the bats inside the bell

tower and attic just before dawn. The images were recorded on VHS video tape.

THE NIGHT VISION SYSTEM

The electronics in a night vision system intensify natural light and near infrared light

so that images too dim for the naked eye can be seen quite clearly. The Star-Tron Technology

Corporation passive Night Vision System, model MK 426, was used in this study. Due
to its sensitivity to small amounts of light, it could only be used when the light intensity

was low enough not to damage it. In absolute darkness, a normal flashlight with a Wrat-

ten No. 87 filter was fitted to the night vision system to provide an unobtrusive, infrared

light source. The wavelength of this infrared light is just beyond the red range of human
vision. A number of relatively inexpensive lenses are available to extend its use. The

system will accommodate a Minolta 70-200 mm telephoto lens. However, the 75 mm
Cosmicar objective lens was the only lens used in this study. The night vision system can

be hand-held or mounted on a tripod. To tape the image, it was attached to a camcorder.

The night vision system is lightweight, portable, and is easy to set up and use.
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THE INFRARED IMAGING RADIOMETER

An infrared detector senses heat emitted or reflected from the surface of an object.

The Inframetrics model 525 infrared imaging radiometer was used in this study. The model

525 has an optical zoom lens and detects in the mid-range of infrared wavelengths ( 10 to

12 microns). It does not "see" shorter infrared such as that produced with the flashlight

and filter used with the night vision system. Unlike that system, the infrared imager senses

heat values and converts them to a visual image similar to that of a normal black and white

TV. Because the infrared imager senses reflected or emitted heat, not light, it can be used

at any time, with or without illumination.

The infrared image detector is cooled with liquid nitrogen. The scanner, the elec-

tronics control unit, a small TV monitor, and a battery powered VCR are all mounted on

a portable cart. Although it is easy to move on the ground, it is bulky compared to the

night vision system. The electronics control unit is powered by a small, 12-volt car bat-

tery, also mounted on the cart.

The infrared image shows warmer items as white and cooler items as black. The

image is easily interpreted providing the researcher understands two factors. Reflective

surfaces often indicate the temperature of backgrounds that are mirrored — not the ac-

tual temperature of the surface under study. For example, glass, which is opaque to infrared

wavelengths, is highly reflective and can mislead the observer. The second source of con-

fusion occurs because sunlight warms objects and surfaces and can deceive the observer.

Once the sun has begun to warm the structure, the bats "disappear" from view as the roost

structure heats up to the body temperature of the bats. A skilled operator, aware of the

behavior of bats, can usually interpret or explain ambiguous images.

Figure 1 compares the two systems along with VHS video and human vision, show-

ing their use relative to light availability. Note that light availability has no effect upon

the infrared image, since it senses heat, not light.

METHODS

To compare the two systems, the infrared imager was set up outside a rural church

near Upland, Indiana, at 7:57 pm on 16 July 1992. Sunset that evening was at 8:11 pm.

In addition, a VHS camcorder was used to provide a recorded approximation of human

vision. With the VHS camcorder, bats entering and leaving the roost were recorded from

the time the experiment started until nearly dark. The infrared imager also recorded the

same information and continued to do so after dark. The night vision system could not

be set up until after dark.

The camcorder image rapidly deteriorated as night fell. When the bats could no longer

be viewed using the camcorder (8:45 pm), it was attached to the night vision system as if

it were a lens. The camcorder and the night vision system complement each other very

well in their use of light: at the point where the VHS camcorder image failed, conditions

became optimal for the night vision system.

On 16 August 1992, the two systems were set up inside the attic of the church. The

equipment was tested just before sunrise to minimize the warming effects of the previous

day's sun on the structure. The attic was totally dark to unaided vision. Illumination for

the night vision system was provided by an ordinary flashlight covered with a Wratten

#87 infrared filter. The infrared imager required no assistance to image the scene.
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Figure 1. Comparison of two systems for viewing bat behavior in the dark with VHS
video and human vision.

RESULTS

Exterior observation. The bats used a single exit and entry point almost exclusively,

allowing for a stationary placement of the equipment. The bats could be clearly seen by

eye at first, but as night approached, the camcorder and the infrared imager were better

than our unaided vision. Both the camcorder and the infrared imager recorded a signifi-

cant amount of activity at and around the exit and entry point of the bell tower of the

church. Since the infrared imager sees heat, not light, changing light conditions did not

influence the infrared view. The infrared imager provided clear views of the bats emerg-

ing and flying around the bell tower from the time it was set up until more than an hour

after the sun had set and the light had stopped diminishing. The imager would have con-

tinued to provide a clear record of the bats' behavior throughout the night.

The night vision system could not be used until approximately 30 minutes after sunset,

when light levels were sufficiently low to prevent damage to the intensifier tube. At this

point, the camcorder image failed, and the night vision system was attached to the cam-

corder. Illumination for the night vision system was simple at this site. A security light

outside the church provided a sufficient amount of light for viewing the entrance and exit

behavior of the bats throughout the night, and the bats were already accustomed to it. The

amount of light was not sufficient for ground observers to see the bats, but it provided a

clear, monochromatic, realistic, and unambiguous image with the night vision system.

Interior observation. The air temperature in the attic was 20° C. There was no ac-

tivity at the bats' entrance and exit point. At first, no bats were seen with either system.

The bats were visually located using a flashlight.

One bat was discovered at the apex of two rafters. The night vision system provided

a clear image of the bat, but it showed no activity and appeared dead. A line scan taken

by the infrared imager showed that the bat approximated the temperature of the wooden
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beam, being, at most, a half degree Celsius warmer than the wood. The bat was nearly

impossible to detect with the infrared imager, since there were other heat anomalies that

presented similar thermal signatures. Only a slow, thorough search by an infrared tech-

nician skilled in detecting the thermal signature of bats permitted identification.

Assuming the bat was in torpor, the authors purposely disturbed it, and the infrared

image became much clearer as the bat's metabolic rate increased. A line scan taken about

five minutes before it flew showed the surface temperature of the bat to be about three or

four degrees Celsius higher than the surrounding surface. At this time, the image of the

bat appeared quite white (warm) against the dark background.

As this bat awoke from torpor, a small cluster of bats, that was hidden under a piece

of wood roofing, was inadvertently aroused. They were completely invisible to the naked

eye and to the night vision system. However, the body temperature of the bats had warmed

the piece of wood behind which they were hidden so that the infrared imager easily spot-

ted the heat anomaly in the wood roofing. Their activity was then observed using the in-

frared imager through a crack between the boards. They remained in place, huddled together,

not grooming nor moving around, and maintained their warm temperature until we left

them. No other bats were observed that morning.

Either technique permitted unobtrusive observation of bats in the roost site. Studies

of mother-young interactions could be carried out with either system.

DISCUSSION

The obvious advantage of either system of night viewing over the camcorder is that

they can be used in low-light or no-light conditions. The night vision system enhances

very low light. The infrared imager can be used with absolutely no light, and in this study,

it was used day and night. Neither system disturbed the bats. The images from each were

relatively easy to understand; the infrared image required a bit more interpretation, pri-

marily because it images heat. Both devices allowed video taping for later analysis and

quantification of bat behavior. Slow motion and video stills helped in assessing transient

behaviors. The infrared imager was sensitive to the heat produced by bats as they roosted

and allowed detection of bats that were located in inaccessible crevices which the night

vision system could not penetrate and in which they could not be seen visually with the

aid of a flashlight. Without the infrared imager, these bats would have gone unnoticed.

This study demonstrated the advantages of unobtrusive viewing of visible bats and the

discovery of hidden bats with the infrared imager.

If the bats' surface temperature was a degree Celsius above that of their environment,

the infrared imager was better at locating them, even when they were out of sight behind

the wood. If visual contrast was better than heat contrast, then the night vision system

was more effective in locating bats which were in the line of sight but completely inef-

fective in locating bats which remained out of the line of sight.

The size difference between the two systems is an important factor. The night vision

system is easy to transport, making it ideal for use in a typical attic. The infrared imager

is much larger and heavier and is difficult to get into small areas. The Inframetrics 525

can be removed from the cart and carried on a harness that fits over the shoulders of the

operator, but it is still very bulky. The system had to be dismantle and then reassembled

to get it into the attic.

The night vision system cost about $4,000. The cost of the 525 infrared imaging sys-

tem was nearly $40,000. Newer models with more capabilities can be twice that. How-
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ever, the newer infrared imagers are more self-contained and are electrically cooled. Be-

cause they are much smaller, more like a camcorder, they can be taken into tight spaces.

In addition, they can record exact temperatures and other quantitative image data that can

be manipulated later with compatible software. The newer imagers also record in color,

making the image easier for novices to interpret.

ACKNOWLEDGMENTS

Thanks go to the Indiana Department of Natural Resources for the loan of the night

vision system and to the Center for Energy Research/Education/Service at Ball State Uni-

versity for the use of the Inframetrics infrared imager.

LITERATURE CITED

Kirkwood, J.J. and A. Cartwright. 1991. Behavior observations in thermal imaging of the big brown bat,

Eptesicusfuscus. In: G. Baird (Ed.), Proceedings, SPIE 1467, Thermosense XIII, pp. 369-371. Bellingham,

Washington, 475 pp.





Proceedings of the Indiana Academy of Science 139
(1993) Volume 102 p. 139-145

ASSESSMENT OF THE RANGE OF THE THREATENED
DARTER,AMMOCRYPTA PELLUCIDA (PUTNAM),

FROM THE MAUMEE RIVER BASIN, INDIANA

Thomas P. Simon

Indiana University Northwest

Department of Biological Sciences

Gary, Indiana 46408

ABSTRACT: The range of the eastern sand darter, Ammocrypta pellucida, in the Maumee River

drainage was evaluated by historical assessment of museum collections and resurvey. Survey ef-

forts during 1991 included all known historical localities and previous sampling stations. A total

of 98 stations were sampled in the Maumee basin, Indiana, to assess the status ofA. pellucida (Agassiz)

in the St. Joseph, St. Mary's, and Maumee River basins. Ammocrypta pellucida was historically

restricted to the large river habitat associated with the St. Joseph, St. Mary's, and Maumee River

basin. Recent efforts resulted in a single collection from the St. Joseph River adjacent to Johnny

Appleseed Park. This record is the first from the Maumee basin for this species in fifty years.

Ammocrypta pellucida prefers clean sand and gravel substrates with moderate current in large river

habitat. Due to the rarity of this species in the Lake Erie drainage, areas where A. pellucida is

found should be designated as critical habitat. The threat of siltation, habitat degradation, non-

point runoff, and point source toxic contributions has reduced the range and makes the future per-

sistence of this species less than optimistic.

INTRODUCTION

The eastern sand darter, Ammocrypta pellucida, is currently recognized as threatened

in Indiana based on its limited presence in the Wabash River drainage (Simon, et ah, 1 992).

To date, critical habitat for this species has not been identified. Although A. pellucida is

known to persist in the State (Seegert, 1987; Simon, unpub. data), the last reported Indi-

ana collection from the Maumee River was over 50 years ago (Kirsch, 1895; Gerking,

1945). Kirsch (1895) was the first to discover A. pellucida in the Maumee basin, while

Gerking (1945) revealed two additional localities in the St. Joseph River. The listing of

the species as State threatened and possibly extirpated from the Maumee system was sug-

gested (Whitaker and Gammon, 1988), since no recent specimens had been collected, and

the construction of a series of reservoirs has virtually eliminated sand darter habitat in the

St. Joseph River. Historically, the Maumee River was important to the species, serving

as an outlet for post-glacial dispersal into the Wabash River (Gerking, 1945; Burr and

Page, 1986).

Although there is an effort among some ichthyologists to place the eastern sand darter

in the genus Etheostoma (sensu Simons, 1992), its traditional placement in the genus

Ammocrypta (Williams, 1975) is retained in this paper. Evidence derived from the study

of its ontogenetic development suggests that the retention of genus Ammocrypta is war-

ranted (Simon, et al., 1992).

The primary focus of this paper is to present an assessment of the historical and pre-

sent distribution of A. pellucida in the Maumee River basin, Indiana, as judged from a

critical examination of extant museum specimens and the published literature. In addi-

tion, the results of a recent survey of the Huron-Erie Lake Plain to assess the status of

A. pellucida in the Maumee River basin are discussed.
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Figure 1. Geochronology of Ammocrypta pellucida in the Maumee River basin, Indiana.

Solid dots represent localities with extant vouchered material but not necessarily extant

populations. Extant populations are denoted by a hollow ring around a solid dot. Hollow

dots represent sites sampled but not providing specimens. Data provided are: year of col-

lection^) followed by (1) the number of specimens taken (this number is separated by a

hyphen) or (2) the number of collections not yielding specimens (this number is separated

by a colon).



Vol. 102(1993) Indiana Academy of Science 141

Table 1. Collection data for all known specimens of A. pellucida from the Maumee River

basin, Indiana.

County Catalog Number of

Number* Specimens

Range in

Standard Length

(mm)

Location Collector Citation

Allen CAS 8997 50+

UMMZ 197720 18

osu

35-55 Maumee River P.H. Kirsch, 1 890

Maumee River RH. Kirsch, 1893

at Fort Wayne

St. Joseph River P.H. Kirsch, 1893 Kirsch, 1895

at Fort Wayne

St. Mary's River P.H. Kirsch, 1893 Kirsch, 1895

at Fort Wayne

St. Joseph River S.D. Gerking, 1941

at Cedarville

IUN 2

(uncatalogued)

35-38 St. Joseph River T. Simon, A. Ellis,

at Johnny and D. Campbell,

Appleseed Park 1991

at Fort Wayne

Adams USNM 69231 3

Dekalb OSU

53-59 St. Mary's River P.H. Kirsch, 15

at Decatur August 1893

St. Joseph River S.D. Gerking, 1941

one mile West

of the Ohio

State Line

* CAS = California Academy of Science; IUN = Indiana University Northwest; OSU =

Ohio State University; and USNM = U.S. National Museum.

METHODS AND MATERIALS

The distribution of A. pellucida is shown in Figure 1. Each positive record is based

on the examination of an extant specimen or published literature records (Kirsch, 1895;

Gerking, 1945). Collection data are summarized on the map in a geochronological for-

mat (after Cashner and Jenkins, 1982; Warren and Burr, 1988). This map shows loca-

tions, years, numbers of collections, and results of collections at or near sites known to

have yielded A. pellucida. The data were taken from the records of the University of

Michigan Museum of Zoology and the U.S. National Museum and were augmented by
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field searches for A. pellucida (denoted 1991). Resurveys of historical sites were not in-

cluded if they apparently were made in uncharacteristic habitats or only contained species

unlikely to be associated with A. pellucida. Locality data for all A. pellucida records are

given Table 1

.

Sampling of representative habitats in the Maumee River basin was undertaken to

determine representative fish community attributes for evaluating water resources of the

Huron-Erie Lake Plain ecoregion. A total of 98 localities from the Maumee River drainage

was sampled during 1991. The number of stations suspected of possessing adequate habi-

tat for A. pellucida numbered 66. Specimens were collected over a distance of 1000 m
in large river habitat or 15 times the river width in moderate-sized streams and rivers.

Sampling was conducted in all available habitats usually by wading with a pulsed DC
T&J electroshocker capable of 300 volt output. The generator was floated in a self-con-

tained Sport-Yak. Small to moderate sized streams (<10 m) were sampled with a long

line utilizing the same generator. Physical habitat characteristics were evaluated for each

of the localities sampled. These included documenting the dominant substrate composi-

tion, instream cover, riparian habitat, and stream morphology.

RESULTS AND DISCUSSION

Historical Distribution (Pre-1977). Jordan (1877) was among the first to complete

a series of documented collections from the Maumee River basin. Jordan's collections

were from three locations in the St. Joseph River and an unnamed location in the

Maumee River. The St. Joseph sites included Henderson Lake and Creek, Sawyer Creek,

and Bixel Lake Outlet. No eastern sand darters were collected by Jordan from the

Maumee basin. However, 150 specimens from the White River basin in the vicinity of

Indianapolis were reported.

Kirsch (1895) collected A. pellucida from three localities in Allen County. His col-

lections were from the Maumee, St. Joseph, and St. Mary's Rivers in the vicinity of Fort

Wayne in Allen County; and from the St. Mary's River at Decatur in Adams County. All

of Kirsch's A. pellucida collections were from the mainstem rivers.

Meek (1908), although not providing any new localities, indicated that the species

was not rare in Indiana. In his list of fishes known to occur in Indiana, he described the

eastern sand darter as occurring from northern Ohio to Minnesota and Texas.

Gerking (1945), during his statewide survey of Indiana, collected at eight localities

in the Maumee River basin. He reported the eastern sand darter from two localities in the

St. Joseph River; one location was a mile west of the Ohio State line, and the second was

near Cedarville.

Recent Distribution (1977-1991). The Indiana Department of Natural Resources

collected electroshocked fish from 10 stations in the St. Joseph River, St. Mary's River,

and Maumee River during 1977 (Pearson and Shipman, 1978). The Johnny Appleseed

Park site was one of four sites sampled on the St. Joseph River (the remaining three sites

were in upstream reservoirs). The only darter collected at any of the four St. Joseph sites

was the logperch (Percina caprodes), although adequate dissolved oxygen levels were

present throughout the basin to support other species. Additional localities from the basin

included three stations on the Maumee and three St. Mary's River stations. None of the

St. Mary's or Maumee River stations yielded any darters.

In 1983, the Indiana Department of Natural Resources surveyed the St. Joseph River

adjacent to Johnny Appleseed Park, immediately downstream of Coliseum Boulevard
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(Pearson, 1984). The purpose of this study was to evaluate the potential walleye

{Stizostedion vitreum) fishery believed to be increasing in the St. Joseph River. During

their survey, no reports of eastern sand darter or walleye were noted, although the two are

not usually sympatric.

Collection at 98 sites in the Huron-Erie Lake Plain during 1991 resulted in a single

site which still possessed a remnant population of Ammocrypta pellucida in northeastern

Indiana (Figure 1). Collections were attempted at all of the historic localities where the

eastern sand darter had been reported. All of the other localities were either degraded

through the loss of lotic habitat or were impacted from agricultural erosional runoff and

point source pollution.

The eastern sand darter was collected from the mainstem St. Joseph River in down-

town Fort Wayne adjacent to the Johnny Appleseed Park, Allen County. The single site

was located immediately above a large dam at the junction of the two tributaries forming

the Maumee River and downstream from a series of reservoirs on the St. Joseph River.

Although the dams are detrimental, causing isolation and inhibition of migration and col-

onization, the species obviously benefited from the reservoirs. The reservoirs immedi-

ately upstream from the Johnny Appleseed Park act as a silt trap, removing a considerable

amount of the silt load of the St. Joseph River.

The substrate at the Johnny Appleseed Park site was composed primarily of gravel

and cobble (30% each), sand (20%), and large boulders (20%). The site has a series of

riffle-pool (1:1 ratio) sequences, providing adequate cover comprised primarily of slab

and boulder rock interstitial spaces, fine gravel, and clean sand substrates. The site pos-

sesses limited woody debris and poor riparian bank stabilization. The bank is eroded on

the left shore (moderate riparian width, 10-50 m). Cement-steel pilings and a beach access

occur on the right shore (very narrow riparian width, 1-5 m). A large sand-gravel riffle

exists during low water. Current velocity and water clarity during 1991 was moderate,

visibility was to the bottom, and water depth was typically 1.0 m. Only two specimens

were collected after extensive electroshocking effort. The two specimens were 32-34 mm
in standard length and 36-38 mm in total length.

The fish community on the St. Joseph River at Johnny Appleseed Park included a

total of 731 individuals divided among 33 species. Species sympatric with A. pellucida

included logperch (Percina caprodes caprodes (20. 1 %)), rosyface shiner (Notropis rubel-

lus (12.4%)), suckermouth minnow {Phenacobius mirabilis (3.9%)), northern hogsucker

{Hypentilium nigricans (2.1%)), smallmouth bass {Micropterus dolomieui (1 .6%)), spotfin

shiner (Cyprinella spiloptera (1.6%)), johnny darter (Etheostoma nigrum (1.5%)), stonecat

(Noturus flavus (0.3%)), golden redhorse {Moxostoma erythrurum (0.3%)), and small-

mouth buffalo (Ictiobus bubalus (0.3%)).

Conservation and Environmental Preservation Efforts. The eastern sand darter

has suffered range reduction through degradation of clean sand substrates in moderate to

large rivers. Reliance on large rivers for a multitude of human uses, ranging from recre-

ation, industrial and municipal wastewater, and agricultural needs, has put an increased

demand on the environment. This demand limits the potential to maintain a functional

and balanced biological community. The loss of critical habitats for northeastern Indi-

ana fish species is due to habitat modification through excessive siltation (Trautman, 198 1

:

Burr and Page, 1986), dredging and channel modification, nutrient enrichment, and other

habitat modifications associated with land clearing, drainage, and development.

Concurrent with the loss of critical habitat is the occurrence of degradation through

bank instability and erosion, agricultural non-point source runoff of pesticides and her-
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bicides, and irresponsible toxic discharge from industrial and municipal dischargers. All

eight localities in this drainage where A. pellucida was known to occur were surveyed

with concentrated efforts in the Maumee and St. Mary's River basins. The continued pres-

ence of the species could not be documented in any of the streams surveyed (Figure 1).

The reduction of species diversity through the loss of the most sensitive community

members is a warning sign to the environmental regulatory community. The direct mea-

sure of biological integrity is the only method which evaluates and assesses the impacts

to the receiving stream. Unfortunately, the protection of surface waters is often under-

taken without the assistance of a biologist knowledgeable about the long-term impacts on

and the causes of stream degradation. Most management decisions are made within a

short-term, goal-oriented framework, resulting in the decline of the waters towards lower

biological integrity classes.

The protection of critical habitat is a fundamental part of the Endangered Species Act.

Species recovery depends on the identification of bottlenecks and habitat features which

hinder or enhance species survival and fitness. Unfortunately, regulatory roles and re-

source stewardship are conducted through separate agencies and usually are not coordi-

nated. Likewise, species undergoing range reduction, such as the eastern sand darter, are

not protected until listed, often requiring drastic measures to preserve the species' continued

existence. When will prevention become our policy rather than a corrective measure?

As judged from the present field work, the destruction of appropriate habitat, and the

historical distribution of A. pellucida in Indiana, the continued presence of viable popu-

lations of this species in the Maumee basin is doubtful. If the species continues to persist

at all, it will be in very low numbers. The specimens collected from the St. Joseph River

may afford some hope that the species might occur elsewhere in the large river habitat.
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ACADEMY BUSINESS

INDIANA ACADEMY OF SCIENCE
COUNCIL MINUTES
NOVEMBER 5, 1992

The meeting was called to order by President Lovell at 5:05 pm in Room CL 278 of the

Cooper Science Building at Ball State University.

The following Council members were in attendance: Boener, Burden, Dolph, Frazier, Ganion,

Gommel, Guthrie, Haddock, Jones, Kritsky, Lovell, McKnight, Melhorn, Mueller, Oster,

Parker, Rothrock, Schmelz, Townsend, Warden, Warnes, and Youse.

Additional Academy members present were: Hasenmueller, Jensen, and Krieger.

Approval of the Minutes of April 24, 1992

The Minutes were approved after correction of typographical errors.

Old Business

1. Discussion and Vote on Bylaw Amendments (B. Gommel)

A. Bill moved the acceptance of Article VI. Sec. 2 (concerning Committees and

Appointed Positions). The motion was seconded.

An amendment was proposed and seconded to strike the words "and Elec-

tion." The amendment passed.

Article VI. Sec 2 was then passed unanimously. Sec. 2 reads as follows:

"The President and President-elect shall be ex officio members of all com-

mittees except the Nominations and Election Committee. The Executive

Director shall be an ex officio member of all committees but without vote."

B. Bill moved the acceptance of Article VI. Sec. 5 which deals with the length

of term and duties of the Executive Director. The motion was seconded.

An amendment was proposed and seconded to change the title from "Exec-

utive Director" to "Executive Secretary." There was considerable discus-

sion pro and con. The amendment failed on a voice vote.

An amendment was proposed and seconded to change the phrase "...prepare

the annual budget with..." to "...propose the annual budget with..." The amend-

ment passed.

An amendment was proposed and seconded to change the phrase "...with the

advice of the Treasurer" to "...with the assistance of the Treasurer." The

amendment passed.
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Article VI. Sec. 5 then was approved in its amended form and reads as follows:

The Executive Director shall be appointed by the Executive Com-
mittee for a three-year term and may be reappointed. The Execu-

tive Director shall be responsible to the Executive Committee and

work closely with the President. The Executive Director shall de-

velop and administer a Handbook of Operations; coordinate com-

mittee chairs, fund raising activities, and relations with other

organizations; maintain contacts with state agencies; propose the

annual budget with the assistance of the Treasurer; and fulfill other

duties as may be directed.

C. Bill moved the acceptance of Article VI. Sec. 1 8 - Science and Society Com-
mittee after correction of 2 minor typographical errors. The two errors were:

strike "and" after Indiana on the tenth line; strike the "s" from "places" on

the thirteenth line. The motion (not repeated here due to only 2 minor edi-

torial changes) was seconded and approved.

New Business

1. Treasurer's Report (E. Frazier)

A summary of the Treasurer's Report is given here. The report was accepted.

Beginning

Balance

1/1/92

Operating Fund $16,512.98

Total Restricted

Funds $36,591.23

Revenues

YTD

$25,042.68

$34,804.74

Expenses

YTD

$13,052.22

$31,915.60

Balance on

Hand
9/30/92

$28,503.44

$39,480.37

Total Funds $53,104.21 $59,847.42 $44,967.82 $67,983.81

2. Emeritus Member Committee Report (B. Melhorn for W. Hopp)

The following Academy member was elected to Emeritus status:

William S. Benninghoff University of Michigan

3. Fellows Committee Report (D. Schmelz)

The following Academy members were elected to the honorary rank of IAS Fellow:

Michael A. Homoya Indiana Department of Natural Resources

Wendell F. McBurney IUPUI

Thomas R. Piatt St. Mary's College

Paul E. Rothrock Taylor University

A motion was made to approve the above members as Fellows of the Academy.

It was recorded and approved.
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4. Resolutions Committee (J. Haddock for M. Morse)

Whereas: The members of the Indiana Academy of Science are deeply grate-

ful for the invitation to hold the 1 08th annual meeting of the Acad-

emy on the campus of Ball State University; and

Whereas: The administration, faculty, staff, and students of Ball State Uni-

versity have cooperated admirably in providing their facilities, re-

sources, and support for this 108th annual meeting of the Indiana

Academy of Science; be it

Resolved: That the Academy members here assembled express their sincere

appreciation to Dr. John Worthen, President of Ball State University,

for all the courtesies that have been extended to the Academy dur-

ing this meeting. We are especially grateful to Dr. Carl E. Warnes

and Dr. Larry R. Ganion, chairpersons of the local planning com-

mittee, to the members of the committee, and to other facilitators

for the arrangements of the entire program and for the comfort

and conveniences provided Academy members and guests. We
also express our sincere thanks to all Academy members who or-

ganized and participated in activities associated with this 108th

annual meeting of the Indiana Academy of Science.

5. Comments by the Executive Director (B. Melhorn)

Most annual Committee Reports are in. When the last two arrive, Bill will send

them out.

The intent is for all Academy members to receive a Yearbook next year.

A plaque was prepared and given to Sallye Hunter in appreciation of her service

to the Academy in preparation of recent Yearbooks.

The first draft of the Handbook ofOperations will be done by the end of the year.

Bill will be attending the Phinney memorial service.

Adjournment

The meeting was adjourned at approximately 6:00 pm.

Respectfully submitted,

Jim Haddock

Secretary
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INDIANA ACADEMY OF SCIENCE
COUNCIL MINUTES

AP1UL 23, 1993

The Council was called to order by President Duvall Jones at 2: 15 pm on Friday April 23,

1993 at the main lodge of Ross Camp approximately 12 miles northwest of the Purdue -

West Lafayette campus.

The following Council members were in attendance: Bennett, Boener, Chesak, Dolph,

Frazier, Guthrie, Haddock, Jones, Kritsky, Lindsey, Lovell, McBurney, McKnight, Melhorn,

Mueller, Oster, Rhodes, Riemenschneider, and Zimmerman. Additional Academy mem-
bers in attendance were: Bobbitt, Hasenmueller, Jackson, Warden, and West.

Approval of Agenda

A motion was made and seconded to approve the Agenda. An amendment was then pro-

posed to postpone acceptance of the Agenda until the Executive Committee could meet

this afternoon while the Council recesses.

An amendment to the amendment was made whereby the Executive Committee would

meet for 1 hour. This amendment failed.

An amendment to the amendment was made whereby the Executive Committee would be

limited to a 15 minute meeting. This amendment failed.

The motion with its original amendment was then voted on and approved.

The Council thus recessed and the Executive Committee was convened.

EXECUTIVE COMMITTEE MINUTES

The Executive Committee was convened by President Duvall Jones at approximately 2:50

pm in the same room that the Council had previously presided in.

Approval of the Minutes

The minutes of the previous Executive Committee meeting held on December 12, 1992

were accepted with minor typographical corrections.

Report of the Auditing Committee (Frazier)

The financial records of the IAS for fiscal year 1992 were examined by the undersigned

(Robert Olsen and John Ricketts) and appear to be a fair and accurate record of the financial

condition of the Academy. The report was accepted.

Treasurer's Report for the First Quarter (Frazier)

E. Frazier reviewed the highlights of the first quarter's report and noted that there are line
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items for each Academy publication relative to expenses and profit. A motion was made

and seconded to accept the report. The motion was approved.

Publications Committee (McKnight)

1

.

A motion was made not to print the names of new members in the Proceedings

and to standardize the format of the Minutes relative to length (indentations, etc.)

but not content. The motion was approved.

2. B. McKnight asked for a motion to approve publication of Wetlands and Quiet

Waters by Torkel Korling and Robert Petty (the fourth volume in a series). A
motion was made, seconded, and approved.

3. B. McKnight asked for a motion to approve production of the Minerals of

Indiana as an IAS publication, and he will, at a later time, ask for approval for

publication. A motion was made, seconded, and approved.

4. B. McKnight asked for a motion to approve production and publication of the

Flora of the Chicago Region (revised 4th edition) by F. Swink and G. Wilhelm.

A motion was made, seconded, and approved.

Miscellaneous: The cost would be $12.00 per unit; the press run would be 4,000

copies for a total cost of $48,000.00; and the expected revenue would be

$87,000.00.

5. B. McKnight asked for a motion to approve production and publication of a re-

vised edition of the Amphibians and Reptiles ofIndiana by Minton. There is the

possibility of an audio or audio-visual accompaniment to this text.

6. Butterflies of Indiana. There should be a price increase for this publication to

$24.00 (from $20.00) for members and to $30.00 (from $25.00) for non-mem-
bers effective January 1, 1994 to help make up a loss of $4,000.00 on the publi-

cation. A motion was made, seconded, and approved.

The remaining four items were introduced for discussion only at this time.

1

.

Establishment of an honorarium for the production, management, and editorial/

review work for publications on a project-specific basis.

2. Establishment of a royalty of up to 10% to authors of IAS publications to come
from gross sales on an annual basis. This payment would also be project specific.

3. Establishment of a fee of 25% of gross sales plus expenses to be received by the

person(s) directly involved in sales and marketing of IAS publications. This would

be discontinued when and if the Executive Director takes over this function.

4. Increase the annual stipend to the Editor of the Proceedings from $2,000.00 to

$4,000.00. Funds would come from reprint revenues and, perhaps, page charges.
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Responsibilities of the Executive Director (Lovell)

B. Lovell moved to append the document entitled "Responsibilities of the Executive Director"

to the Minutes of the meeting. The motion was seconded and approved.

Adjournment

A motion was made and seconded to adjourn at approximately 4:30 pm. The motion was

approved.

ADDENDUM

RESPONSIBILITIES OF THE EXECUTIVE DIRECTOR

Note: The first four (4) items should be implemented immediately; the remaining items

should be inaugurated as soon as feasible.

1

.

Report to the Executive Committee; work closely with the President.

A. Serve as primary contact person to facilitate communication between vari-

ous Academy officers and consultants in administering the day-to-day

operations of the Academy.

B. Serve, without vote, as ex officio member of all committees.

C. Assist with the development and distribution of the Yearbook to all Acad-

emy members.

2. Develop and administer a Handbook of Operations for the Academy.

3. Coordinate committee chairs.

A. Send necessary information/reminders to all chairs.

B

.

Develop and keep an updated list of new or additional persons willing to and

capable of serving on committees.

C. Assist the President in the selection of committee chairs and committee

members.

4. Maintain membership records.

A. Keep an updated membership roster.

B. Prepare and distribute membership dues notices.

C. Produce and provide address labels to officers and committees with legiti-

mate needs for these materials.
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5. Act on behalf of the Indiana Academy of Science concerning the Academy's

publications.

A. Work closely with appropriate chairs/editors/officers in the publishing of the

Proceedings, IAS Newsletter, book of abstracts, special publications, and

announcements of Fall and Spring Meetings as well as Symposia.

B. Expedite preparation, implementation, and tracking of publications contracts.

C. Actively participate in the promotion and sales of Academy publications.

6. Maintain and develop external sources of revenue.

A. Develop and maintain contacts with State Agencies which may lead to

cooperative efforts in reaching the Academy's goals.

B

.

Coordinate, stimulate, and assist in the preparation of grant proposals as directed

by the Executive Committee.

C. Cooperate with appropriate committees in membership development efforts.

D. Aggressively solicit corporate sponsorship in cooperation with the Corpo-

rate Relations Committee.

7. Coordinate interaction with other science and science education organizations.

8. Fulfill committee responsibilities.

A. Chair the Ad Hoc Corporate Relations Committee.

B. Chair the Committee on Relation of the Academy to the State.

9. Prepare the annual budget with the advise of the treasurer for consideration and

input by the Budget Committee.

Approved by the Executive Committee on November 5, 1992.

COUNCIL MINUTES

The Academy Council was reconvened at 4:40 pm after almost a 2 hour hiatus. At least

one member present at the previous Council meeting was unable to stay for this meeting.

An attendance roster was not re-circulated.

Approval of the Agenda

A motion was made and seconded to accept the Agenda. The Agenda was accepted by a

voice vote.
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Approval of Minutes

The minutes of the previous Council meeting held at the Fall Meeting at Ball State on

November 5, 1992 were approved after correction of two typographical errors.

1

.

Treasurer's Report (Frazier)

The Operating Fund had a balance on hand of $30,460.67 as of 31 May 1993

(end of the first quarter).

E. Frazier also reported that Academy and "outside" publications were each bro-

ken into line items for each publication to better track revenues and expenses.

A motion was made and seconded to receive this report. The report was received.

2. Report of the Executive Director (Melhorn)

W. Melhorn made a brief presentation relative to Academy Records ("Informa-

tion Memo #3) and raised concerns about retention, preservation, and storage.

Should there be permanent file storage or reduction of all records to micro-

film/microfiche or computer disk/tape storage? Who would do all the work?

He also briefly discussed his Information Memo #4 on "Policy." Policy is clearly

a responsibility of the Council, but the Constitution does not really state where

"Policy" decision making should properly be initiated (committees to the Exec-

utive Committee, to the Council, or some other method).

3. Report of the Editor of the Proceedings (Dolph)

Volume 101 (3 and 4) is in the "blue-line" stage, while Volume 102 (1 and 2) has

only a few accepted papers at this time.

4. Report of the Academy Foundation (Guthrie)

F. Guthrie reported on the financial condition of the Academy as of March 3 1

,

1993:

Assets Est. Income Yield (%)

Foundation Acct. 1 $78,293 $3,178 4.06

John S. Wright Acct. 2 $1,733,950 $85,524 4.93

Invested Income Acct. 3 $233,505 $10,319 4.42

1 ~ 30% "liquid" and ~ 70% in stocks and bonds.
2 ~ 2% "liquid," ~ 29% bonds, ~ 37% Lilly stock, and ~ 32% other stocks.

57% "liquid" and ~ 43% bonds.

Wright Fund income is transferred to the Invested Income Account and is used

to underwrite research grants (~ $39,000 annually), the publication of the Pro-

ceedings, and some other publication costs. In addition, bank charges (commissions,

service charges, etc.) are paid for through this account.
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Frank summarized by saying that we are "still healthy." We have a slow rate of

diversification at this time because we are unwilling to sell any Lilly stock until

its price/share improves.

5. Report of the Research Grants Committee (Frazier)

E. Frazier reported that $20,000 will be awarded this spring at about $1,000.00

for each grant. Twenty of the 27 proposals received were funded.

6. Report of the Auditing Committee (Frazier)

E. Frazier reported that the Auditing Committee (R. Olsen and J. Ricketts) had

examined the financial records of the IAS for fiscal year 1992 and found them

to be a fair and accurate record of the financial condition of the Academy.

7. Report of the Biological Survey Committee (McKnight)

B. McKnight commented briefly on the following current projects:

A. Updating the data base on the plants and animals of Indiana.

B. Participation in a National Biological Survey being proposed by

President Clinton.

C. Continuation of the State Flower Project.

D. Dealing with problems caused by the introduction of exotic species into

Indiana.

8. Report of the Emeritus Member Selection Committee (Hopp)

Dr. Dwight Farringer was recommended for Emeritus membership.

9. Report of the Library Committee (Oster)

H. Oster reported on her preparation of a cost estimate for conversion of the J.S.

Wright Memorial Library bibliographic records to those that are machine read-

able. The project is estimated to take two years at a cost on just under $9 1 ,000.00.

A motion was made and seconded to request the Library Committee to generate

a grant proposal to fund the project. The motion was approved.

10. Report of the Membership Committee (Mueller)

W. Mueller is contacting colleges and universities in hopes of generating new
members.



156 Academy Business Vol. 102 (1993)

1 1

.

Report of the Membership Secretary (Jones)

As of April 22, 1993, there were 860 memberships in good standing (21 less than

on April 23, 1992). Four persons were reported as deceased in 1993, while 47

new members joined the Academy, and 6 were reinstated.

12. Report of the Local Arrangements Committee (Parker)

G. Parker reported that 30 people had prepaid for the evening banquet with a few

less for the Saturday A.M. field trip. Dr. James Gammon, Professor Emeritus at

DePauw University, will be speaking on faunistic changes among fish popula-

tions in the Wabash watershed as related to water quality.

13. Report of the Natural Areas Committee (Riemenschneider)

No report at this time.

14. Report of the Program and Invitations Committee (Jones for Warnes)

D. Jones reported that IUPUI had offered to host the 1995 meeting. A motion

was made and seconded to select IUPUI as the 1995 meeting site. The motion

was approved.

Drs. Laura Jenski and Doug Lees (Biology) will serve as co-chairs of the local

arrangements committee. Abstract cost is estimated to be about $3,900.00.

1 5

.

Report of the Local Arrangements Committee for the 1994 South Bend Meet-

ings (Riemenschneider)

V. Riemenschneider reported that the Spring Meeting will be held on April 29-

30, 1994. Field trips include a tour of a steel plating company and a field trip to

Potato Creek.

The Fall Meeting will be held on November 3-4 (Thursday and Friday), 1994.

Comments included the organization of an Environmental Symposium in con-

nection with the Spring or Fall Meeting. G. Parker expressed the concern of

watching the workload of the Local Arrangements Committee relative to expansion

of events.

16. Report of the Nominations and Elections Committee (Webster)

D. Webster reported that the slate was partially complete. The final slate will be

in the summer Newsletter.

17. Report of the Publications Committee (McKnight)

B. McKnight reported that expectations are for a 4-fold increase in sales this year

over last year. He will need help in mailing out requests efficiently and promptly.
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The book on biological pollution is due out this year, and Orchids ofIndiana will

be out in July. The latter should retail for $35.00.

Recommendations:

1. It was moved and seconded to approve the allocation of 25% of gross

sales plus expenses to the Chair of the Publications Committee for

sales/marketing of publications until such duties are assumed by the Ex-

ecutive Director as indicated in the previously approved job description

for the Executive Director. After lengthy debate, the motion was tabled.

2. It was moved and seconded to increase the stipend for the Editor of the

Proceedings from $2,000.00 to $4,000.00. Debate ensued for several

minutes and confusion reigned supreme. During the fracas, a motion

was made to table, but this motion was defeated. One concern was that

the 1993 budget had already been set. Finally, the motion was ruled

out-of-order by the President. [Secretary's note: I believe that the orig-

inal motion was intended to be ... $2,000.00 to $4,000.00 beginning Jan-

uary 1, 1994. In all the confusion, the last portion never came to light.]

3. It was moved and seconded to authorize the Publications Committee to

negotiate royalties of up to 10% of gross sales with authors. The mo-

tion was approved.

Conclusion of Meeting

Around 6:35 pm, this most unusual of meetings was not adjourned but postponed to much
later in the evening after the banquet and program. The group never reconvened that

evening.

Respectively submitted,

Jim Haddock

Secretary
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NECROLOGY

GARY E. DOLPH
INDIANA UNIVERSITY KOKOMO

GAYTON C. MARKS

Hartford, Connecticut Hebron, Indiana

January 10, 1921 October 30, 1992

Gayton C. Marks, age 71, of Hebron, Indiana, passed away Friday, October 30, 1992

at Porter Memorial Hospital. He was born January 10, 1921 in Hartford, Connecticut, to

Salvo G. and Caroline (Frattalone) Marks. On April 27, 1946, in Charleston, Illinois, he

married Lucille Ann Heaney.

A 1939 graduate ofHammond High School, Mr. Marks received his Bachelor's Degree

from Valparaiso University and his Master's Degree from the University of Michigan.

He also attended the University of Miami in Florida and the University of Tennessee.

Mr. Marks was Professor of Biology at Valparaiso University for 33 years. Upon

retiring on August 31, 1992, he was named Professor Emeritus. He was also a U.S. Army
veteran, having served in the South Pacific during World War II.

Mr. Marks was an active member of the Indiana Academy of Science from the time

he joined in 1960 until his death. His published papers in the Proceedings of the Indiana

Academy of Science include:

Marks, G.C. 1965. Castilleja coccinea in the yellow form. 74: 314.

. 1966. Polygonum cuspidatum an introduced weed in Porter County. 75: 233-234.

. 1967. Some taxonomic problems with Viburnum dentatum and observations of Blephilia

ciliata. 76: 368-369.

. 1968. Teratological androecia of Saponaria officinalis. 11: 370-372.

. 1969. The flowering of Lemna minor and the establishment of Centaurium pulchellum

in northwestern Indiana. 78: 414-416.

. 1975. New county records for Porter and LaPorte Counties. 84: 427 (abstr.).

. 1983. A unique ruderal plant association in the central panhandle of Florida. 92: 364-

365 (abstr.).

. 1992. Old corn seed (fruit) viability. 100: 11-13.

and W.W. Bloom. 1973. The laboratory culture of diatoms for class use. 73: 400-401.

, , and J.G. Boyle. 1985. A rapid method for the determination of barley seed

viability. 94: 117-119.

Bloom, W.W. and G.C. Marks. 1978. Quantitative experiments with plant catalase for the beginning

botany laboratory. 87: 99 (abstr.).

Willut, J., G. Marks, and G. Hicks. 1977. Naturally occurring mature American chestnut trees (Castanea

dentata) in northwest Indiana. 86: 127-130.

Mr. Marks also served as an Academy officer on several occasions: on the Biological

Survey Committee in 1976, as Chair of the Plant Taxonomy Section in 1965, and on the

Executive Committee in 1976 and 1977.





ACADEMY BUSINESS
INDIANA ACADEMY OF SCIENCE COUNCIL MINUTES, NOVEMBER 5,

1992 147

INDIANA ACADEMY OF SCIENCE COUNCIL MINUTES, APRIL 23,

1993 150

EXECUTIVE COMMITTEE MINUTES 150

RESPONSIBILITIES OF THE EXECUTIVE DIRECTOR 152

COUNCIL MINUTES.. 153

NECROLOGY
GAYTON C. MARKS 159

Vi PRINTED ON RECYCLED PAPER



PROCEEDINGS OF THE
INDIANA ACADEMY OF SCIENCE

Volume 102, No. 1-2(1993)

CONTENTS

BOTANY
J.L. Blum. LEMANEA (RHODOPHYTA, FLORIDEOPHYCEAE) IN

INDIANA 1

G.S. Tonkovich and M.L. Sargent. THE VASCULAR PLANTS OF FALL CREEK
GORGE NATURE PRESERVE, WARREN COUNTY, INDIANA .9

ECOLOGY
G.C. Iverson. STATUS AND DISTRIBUTION OF THE GREAT BLUE

HERON IN INDIANA 47

R.R. Johnson and J.S. Castrale. MANAGEMENT OF BREEDING INTERIOR
LEAST TERNS IN INDIANA 59

ENVIRONMENTAL QUALITY
J.R. Gammon and C.W. Gammon. CHANGES IN THE FISH COMMUNITY

OF THE EEL RIVER RESULTING FROM AGRICULTURE 67

GEOLOGY AND GEOGRAPHY
C.B. Rexroad. CONODONTS FROM COAL BALLS IN THE SPRINGFIELD

COAL MEMBER OF THE PETERSBURG FORMATION (DESMOINES-
IAN, PENNSYLVANIAN) IN SOUTHERN INDIANA 83

MICROBIOLOGY AND MOLECULAR BIOLOGY
B.A. Read, J.A. Meunier, and C.N. Vann. STRUCTURAL ANALYSES OF

THE 33 KDA PHOTOSYSTEM II MANGANESE-STABILIZING
PROTEIN OF SYNECHOCOCCUS SP. PCC 7942 93

SOIL AND ATMOSPHERIC SCIENCES
R.L. Rhykerd, L.M. Rhykerd, C.L. Rhykerd, Jr., and C.L. Rhykerd. A

KNOWLEDGE-BASED EXPERT SYSTEM FOR THE SUCCESSFUL
PRODUCTION OF ALFALFA (MEDICAGO SATIVA L.) 1 1

1

ZOOLOGY
J.A. Holman and R.L. Richards. HERPETOFAUNA OF THE PRAIRIE CREEK

SITE, DAVIESS COUNTY, INDIANA 115

J.J. Kirkwood and A. Cartwright. COMPARISON OF TWO SYSTEMS FOR
VIEWING BAT BEHAVIOR IN THE DARK 133

T.P. Simon. ASSESSMENT OF THE RANGE OF THE THREATENED
DARTER, AMMOCRYPTA PELLUC1DA (PUTNAM), FROM THE
MAUMEE BASIN, INDIANA 139


